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INTRODUCTION

Five irrigation districts, including Imperial Irrigation District (IID), were reviewed using

- publicly available records and information relevant to the period 1988-1997. The other

four districts are:

1. Colorado River Indian Reservation Irrigation District (CRIR).
2. Palo Verde Irrigation District (PVID).
3. Wellton-Mohawk Irrigation District (WMID).

4. Coachella Valley County Water District (CVYWD).

Because more data were available for, IID, WMID and CVWD, these districts were
reviewed in more detail, than PVID and CRIR. IID was addressed accordin g to the water
balance developed previously by NRCE, as presented in its 2002 report on IID water use.
WMID was addressed on the basis of water records from Bureau of Reclamétion (BOR)
which include farm headgate delivery. CVWD was addressed by developing a water
balance that includes available headgate delivery records from BOR and an estimate of
groundwater contribution to irrigation water supply. PVID and CRIR were not addressed

int detail because of the lack of headgate delivery records.
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SUMMARY OF FINDINGS

Summary of District Water Use and Efficiency

Estimates of overall efficiency were determined for each of the irrigation districts for the
1988-1997 period of record according to records available. Specifically, calculation of
conveyance & distribution efficiency (a single number reflecting the two components)
“and on-farm efficiency were possible for IID, WMID and CVWD only. This is because
BOR does not include records of farm headgate deliveries for PVID and CRIR.

Overail Efficiency

The average ten year, overall efficiency for each district is 74.5% for D, 62.2% for
CRIR, 48.0% for PVID, 67.6% for WMID, and 67.3% for CVWD.

Conveyance & Distribution Efficiency

C.onveyance & distribution efficiencies are 89.4 % for IID, 92.2 % for WMID, and 90.3%
for CVWD.

On-Farm Efficiency

On-farm efficiencies are 83.4% for IID, 73.5% for WMID, and 74.5% for CVWD.

Overall efficiencies are the product of conveyance & distribution efficiency and on-farm
efficiency. For example, the overall efficiency of CVWD is therefore 90.3% x 74.5% =
67.3%. Please note that other on-farm efficiency estimates for CVWD range from 57%
to 70%. The Coachella Water Management Plan (2002) states an on-farm efficiency
estimate of 70%. The difference is mostly attributable to the uncertainty of groundwater
contribution to CYWD's irrigation water supply. Table 1 shows a comparison of various
expressions of efficiencies for each district that were calculated. Tables of efficiency
determinations for each district are presented later in this report according to sections
which address each district separately. Efficiency estimates for IID come from the water
balance presented in the 2002 NRCE report. Efficiency estimates for CRIR, PVID and

WMID were determined from BOR records and a simple water balance reflecting Bureau

2
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data. Efficiency estimates for CVWD are based on a water balance; using estimated crop
evapotranspiration, crop acreage, leaching requirement and groundwater that are not

necessarily the same as those reflected by other investigators.
Summary of District Reference Evapotranspiration

Table 2 shows a summary of average daily reference crop evapotranspiration (ET,) for
each month for the districts addressed. ET, was calculated using the Penman Monteith
method applied to the climate data from stations representative of each irrigation district,
however, the figures show that the use of climate data from CIMIS stations result in
lower estimates of ETo_than'for AZMET stations. The climate statibn at Palo Verde is a
CIMIS Station and the station at Parker is an AZMET station. Comparison of ET,
estimates for PVID and CRIR show the difference most drastically. The two stations
should produce similar results and therefore it would be expected that estimated ET,
should be close as well because of the proximity of these two metering stations.
Furthermore, it is expected that the Net Irrigation Requirements (NIR) of a given crop
should not vary greatly from district to district because of similar climatic conditions and
éropping patterns shared by the districts. However, there is some discrepancy between
California Irrigation Managcmeﬁt Information System (CIMIS) ET, and that reported by
the Arizona Meteorological (AZMET),

Summary of District Soils

Table 3 shows a summary of the soils of irrigated lands for each district. It can be seen
that the soils of CRIR, PVID, and WMID are predominantly alluvial soils of high

permeability associated with the floodplains and terraces of the Colorado and Gila

Rivers. The soils of CVWD consist mostly of alluvial material on fans and valley fill,

providing a similar situation of high permeability. Although the CVWD soils are
predominantly high in permeability, there are some examples of low permeability soils
that exist in complexes with other soils. However, low permeability soils within CVWD
comprise a small fraction of the total acreage of irrigated lands within CVWD. In
contrast, the majority of the soils making up the IID service area are heavy soils that are

predominantly low in permeability.




Summary of District Cropping Patterns and Leaching Requirements

Table 4 shows the cropping patterns and estimates of leaching requirements for each
district. It can be seen that alfalfa comprises the majority of the acreage of all districts
except for CYVWD. PVID and CRIR have the lowest leaching requirements because the
water diverted by these districts is lower in salinity than that of the other three districts.
The leaching requirements for each district were estimated using Rhodes 1974 equation;
however, it is believed that this method is inadequate for use on the heavy créckjng clay
soils found in IID. The Rhoades based leaching requirement for IID was 10.4 percent
based on the crop mix presented in Table 4. The leaching fraction. associated with IID
was estimated by NRCE to be about 13.5 percent, based on the water balance developed
in the March 2002, NRCE report on IID water use. The estimated leaching requirements
of CYWD and WMID are 9.7 and 13.1 percent respectively. Citrus and grapes comprise
about half of the irrigated acreage if ID# | in CVWD and nearly half of WMID’s crops
are alfalfa and lettuce. The estimated leaching requirements for CRIR and PVID are 8.6
and 7.6 percent, the smaller requirement largely a result of the better quality irrigation
water available to CRIR and PVID above the Imperial Dam diversion point (which serves
IID, CVWD, and WMID).
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. Table 1 !
Summary of Efficiency Estimates Lower Colorado River Irrigation Districts 1988 - 1997
J]
|
_ i 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Averan_E
A. Overall Efficiency
11D {based on estimated NIR from water batance) 75.4% 74.6% 74.3% 75.9% 76.1% 73.9% 74.4% 72.5% 73.8% 74.0% 74.5%
CRIR 59.1% 61.9% 62.1% 81.1% 60.9% 61.6% 62.3% 64.0% 66.7% 62.2% 62.2%
RVID 49.4% 48.3% 50.1% 48.5% 43.6% 45.4% 47.8% 49.5% 51.8% 46.0% 48.0%
WMID 71.4% 70.1% 69.5% 67.0% 68.7% 56.4% 67.8% 63.6% 66.0% 75.2% 67.6%
CVWD (based on estimated NIR and Boyle acreage, incl. LR) 69.4% 81.5% 60.0% 64.8% 65.2% 73.1% 69.3% 70.2% 67.3% 71.6% 67.2%
i

B. Estimated On-Farm Efficiency ! i i
D {based on estimated NIR from water bafance) . 85.0% 83.3%] B82.4% 84.9% 87.2% 82.8% 83.1% 81.3%] 81.1% 82.5% 83.4%
CRIR ' Farm Headgate Delivery Records not available from Bureau of Indian Affairs
PVID Farm Headgate Delivery Records not publically available.
WMID B83.1% 82.1% 79.1%; 72.9% 72.3% 58.7% 71.6% 66.3% 69.9% 79.4% 73.5%
CVWD (based on estimated NIR and Boyle acreage, ingl. LR} 78.1% 89.1% 67.4% 72.1% 73.0% 80.3% 74.8% 76.2% 73.9% 79.8% 74.5%
C. Conveyance and Distribution Efficiency ' i
11D (based on estimated NiR from water balance) 88.7%: 89.6% 90.2% 89.4% 87.3% 89.3% 89.5% 89.1% 91.0%i  89.8% 89.4%
CRIR Farm Headgate Delivery Records not available from Bureau of Indian Affairs
PVID Farm Headgate Delivery Records not publically available.
WMID 85.9% 85.5% 87.9% 91.9% 95.0% 86.1% 94.7% 95.9% 94.4% 94.7% 92.2%
CVWD (based on estimated NIR and Boyle acreage, incl. LR} 88.9% 89.1% 89,0% 89.9% 89.4% 90.8% 92.7% 892.1% 91.1% 80.8% 90.3%
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Table 2

Summary of Reference Evapotranspiration as Calculated Using Penman Monteith Method.
{Millimeters per Day)

10 Year

Average D CRIR PVID WMID CVWD
Month Calpatria Seeley Meloland Parker PaloVerde Yuma Thermal
“January 22 2.3 22 26 21 32 22
February 3.0 3.3 30 3.7 3.0 3.9 3.2
March 4.4 4.8 4.4 55 4.6 5.3 48
April 6.0 6.4 6.3 8.0 6.1 6.8 7.0
May 8.0 84 7.9 9.8 7.2 8.3 8.3
June 91 9.4 8.6 10.8 8.3 9.5 9.4
July 9.0 8.7 8.6 10.1 8.5 9.6 8.0
August 8.4 7.8 8.1 8.8 7.6 9.0 8.3
September 7.1 6.4 6.5 7.6 6.1 7.9 6.9
October 51 48 4.8 58 4.3 6.0 49
November 3.1 3.1 29 38 2.8 4.2 3.0

December 2.0 2.0 1.9 2.6 1.9 3.0 2.1




Table 3

Summary of Predominantly Irrigated Soils within Five Districts

Twmperial Irrigation Distrlet
Seil Complex

Permeability Description of Complex

Inches/Hour

Note: Firgt soll stries listed in ecx iX dotminant

a. Imperial

B, Impetial
Holtville
Glenbar

¢. Meloland
Vinl
Indio

d. Miland
Inperial

€. Glenbar
Imperial

Colorado River Indian Reservation, ﬁ& Portlon

T
0,13 Low

0.13 Low
0.9 Med
0.4 Low

1.1 Med
1.3 Med
1.3 Med

5.1 High
0.13 Low

0.4 Low
0.13 Low

. Gilman 1,30 Med
Glenbar 0.40 Low
Lagunita 13.0 High

b. Carrizn =20 High

¢. Superstition 40 High
Raositas 13.0 High

Palo Verde Irris on District, (.‘ag Portion

Nearly lzvel, moderately well drained silly ciay in the lacustring basin,

Nearly level, moderately well drained aud well drajned clay,
silty clay loam, and clay loam in the lacustrine basin,

Nearly level, well drained finc sand, Joamy very fine sand, fine sandy loam,
loam, and silt loam in the lacustrine basin.

Nearly level, moderately well drained gravelly sand, fine sand, silty clay,
and silty clay loam at the edges of the Incustrine basin.

Nearly level, well drained and moderately well drained silt loam, ¢lay loam,
silty clay loam, sand , fine sand, and silty clay dominantly it basing on West Mesa.

Dieep, well dratned and hat excessively drained level to undulating, Toamy
and sandy soils; en flood plains.

Decp, excessively dmined, nearly level to gently sloping, very gravelly and sandy
soils; on flood plains,

Dezp, hat excessively dmined, nearly level to rolling, sandy soils; on
on stream terraces and sa.nd dunes,

a Camz.o =20 High
b. Intperial 0.13 Low
¢. Holtville 0.9 Med
b. Gila Med to High
¢ Melaland 1.1 Med
f. Rosilas 13.0 High

Welllnn-Mohawk Irngation District

Coarse textared soils in narmow washes trom adjscent desert.

Relatively impervious soils 1o depths of § feet.

Relatively impervious soils over permeable subsoils,

“Coarse to medium textured types of Gila series” “derived from mixed rock alluviom®
Weir and Storic 1947, (Permeability grouping based o textural description)

Loose, permcable wind modified svils,

Dezp, excessively drained sands on old terraces and dunes.

1.3 Med

Rxplel)'r 8.1 High

Lagunila 11.2 High

b. Dateland 43 High
Wellton 4.0 High

¢. Ligurta 1.1 Med
Critohal 0.14 Low

Camizo =20 High

d. Tremant 0.6 Med
Harqua 0.4 Med

Rositas 13.0 High

Coachella Vallg Water District

Deep, nearly level 1o gently sloping, well drained and | ively
drained, silty and sandy soils; on flood plains, low termaces, and allovial fa.ns
and in drainageways.

Deep, nearly level, well drained, loamy soils; on old altuvial fans and high tercaces,

Deep, nearly level, well drained and excessively drained, gravelly andn very gravely
soils: on athrvial fans, low terraves, and flood plains.

Deep, nearly level, well drained and | ively drained, gravelly and
sandy sails; om terraces, atiuvial fans, and sand dunes.

a. Cargitas
Myoma
Carizo

b, Myoma
Indio
Gilman

<. Gilman
Coachella
Indio

4. Salten
Indic
Gilman

13.0 High
13.0 High
>20 High

13.0 High
1.30 Med
130 Med

130 Masd
4.0 High
1.30 Med

013 Low
1.30 Med
130 Med

Nearly level to moderately steep, hat exerssively d d or
sands, fine sands, gravelly sands, cobbly sands and swuy sands on alluviat faus znd
valley fill

Nearly level to rolling, t ively drained to mod, ly well drained fine
sands in cume areas and loamy fine sands, vmy fine sandy loams, fine sandy loams
and silt loams on alluvial fans.

Nearly level to rolling, i ively drained to mod vy well drained fine
sands, fine saudy loams, silt loams, loamy ﬁne sands, and very fine sandy loams
on alluvial fans.

Meatiy level, t paorly drained to well drained silty clay Ioams, very fine sandy
loams, fine sandy loams, and silt loams in Jacusirine basine.
Note: Salton series soils comprise Tess than 2% of irrigated lands wmmr ID#I




Table 4

Summary of Crops and Leaching Requirements

Imperial Irrigation District

Salt %

Crops Tolerance Acreage

Alfalfa MS 32.02%
Wheat (Durum) T 12.96%
Sudan Grass MT 11.61%
Sugar Beets T 6.98%
Lettuce MS 4.42%
Cantaloupes (1) MS 3.00%
Bermuda (seed) T 2.80%
Carrolg S 2.73%
Bermuda {hay) T 2.52%
QOnions S 2.03%
Acreage Represented by Crop Patt. 81.17%
Weight Average Leaching Req. 13.5%

*Leaching Fraction based on NRCE water balance

Palo Verde irrigation District

Colorado River Indian Reservation, Az. Port.

Salt %

Crops Tolerance Acreage

Alfalfa MS 52.05%
Cotton Lint T 3N19%
Wheat (assume Durum) T 6.87%
Sudan Grass MT 221%
Cantaloupes (1) MS 1.54%
Bermuda (seed) T 0.94%
Honaydew (1) MS 0.74%
Onicns 3 0.70%
Bermuda (hay} T 0.57%
Qats MT 0.57%
Acreage Represented by Crop Patt, 97.38%
Weight Average Leaching Req, 76%

*Based on Rhoades {1974)

Wellton-Mohawk Irrigation District

Salt % Salt %
Crops Tolerance Acreage Crops Tolerance Acreage
Alfalfa MS 49.35% Alfalfa hay MS 22.94%
Cotton (short) T 14.30% Lettuce MS 22.13%
Wheat (assume Durum) T 7.40% Cotton Lint T 18.14%
Sudan MT 5.26% Wheat MT 16.33%
Alfalfa Pasture MS 4.15% ather hay N& 6.84%
Lettuce Ms 3.66% Seed NA, 5.06%
Cantaloupes (1) MS 3.63% Citrus 8 1.74%
Citrus S 1.59% Nuts S 0.93%
QOats MT 1.41% Cauliffower (3) MS 0.85%
Bermuda Grass T 1.37% Other Field (4) NA 0.78%
Acreage Represented by Crop Patt. 92.12% Acreage Represented by Crop Pakt. 95.74%
Weight Average Leaching Req. 8.6% Weight Average Leaching Req. 13.1%
“Based on Rhoades (1974) *Based on Rhoades (1974)
Coachella Valley Water DIstrict

Salt %
Crops Talerance Acreage
Citrus s 22.329%
Grapes MS 21.18%
Dates T 8.85%
Comn MS 7.21%
Lasttuce MS 4.65%
Cther Vieg (5) NA 4.53%
Alfalfa Hay Ms 2.05%
Sudan Hay MT 2.69%
Braccoli MS 2861%
Camots 5 2.51%
Acreage Represented by Crop Patt. 79.682%
Weight Average Leaching Req. 9.7%
*Based an Rhoades (1974)
Notes:
(1) Melons estimated as Moderately Sensitive, Using 1300+3000/2 = 2150
{2) Cats estimated as Moderately Tolerant, Using, 3000+6000/2 = 4500
{3) Cauliflower estimated as Moderately Sensitive 2150.
(4} Other Field Crops assumed to be Moderately Sensitive at 2150.
{5) Other Veg. assumed to be Moderately Sensitive at 2150.




GENERAL DESCRIPTION OF DISTRICTS AND METHODS

Estimated quantities presented for IID come from NRCE’s March 2002 report which
developed a detailed water balance for the district. Unless otherwise indicated, most
values for IID come from this report and are used to compare IID with other districts.
Estimates of quantities for the remaining irrigation districts are based on sources such as
the U.S. Bureau of Reclamation (BOR) and Natural Resources Conservation Service
(NRCS, previously known as the Soil Conservation Service), information produced by
the districts and conventional methods of assessment. Water balances for CRIR, PVID
and WMID are based strictly on information available from BOR. The water balance for
CVWD is somewhat more detailed because there was a need to address the lack of .
detailed irrigated acreage records and unanswered questions regarding groundwater
contributions to the CVWD irrigation water supply (CVWD has historically maintained
little or no public record of the amount of groundwater used for irri gation purposes within
CVWD).

Records available from BOR are based on the Decree Method of Accounting, long used
by BOR. BOR is developing a river accounting system called the Lower Colorado River
Accounting Systemn (LCRAS), which uses satellite imagery and interpretation to
determine land use and irrigated acreage of crops. LCRAS was initiated in practice as a
"Demonstration of Technology” in 1995; it is presently under development and has not
replaced the Decree Method of river accounting. Presently available versions of LCRAS
do not include CVWD, IID or WMID as they are off stream water users. In the future,
irrigated acreage determinations along with diversion, return flow, and consumptive use,
will likely be based on methods identified in LCRAS, if LCRAS or some form of
LCRAS is eventually adopted for decree accounting purposes.

One of the primary physical differences between the districts reviewed is that CRIR,
PVID and WMID lie within the lower portion of the greater Colorado River hydrological
basin while IID and CVWD lie within the hydrologically isolated basin of the Salton Sea.
This is significant because a large portion of the diverted water used by CRIR, PVID and
to a lesser extent WMID, returns to the Colorado River. IID and CVWD, however

produce no return flow to the Colorado River, as any returns from these districts make




their way to the Salton Sea. Irrigation drainage water from IID and CVWD is however
available to other users willing to make use of it. For example, the Metropolitan Water

District has in recent years attempted to claim rights to use that water.

The elevation of irrigated lands among the five districts varies from less than 300 feet
above sea level at CRIR to a low of approximately 230 feet below sea level at IID.
CRIR lies almost directly below Parker Dam, has irri gated lands on both sides of the
Colorado River, and is immediately upstream from PVID. Both districts are oriented
along the Colorado River proper, while WMID is oriented along the Gila River,
beginning at a point approximately five miles east of the confluence of the Gila and
Colorado Rivers and continuing upstream for approximately 50 river miles. CVWD lies
to the north of the Salton Sea while ID lies to the south; occupying the area between the

Sea and the border with Mexico.
Climate

For the most part, the five irrigation districts have similar climates that are typical of the
Lower Colorado River Basin. Frosts and maritime influence are uncommon. Naturally
occurring vegetation on the mesas includes desert brush and grass species such as
creosote bush and galleta grass. The Colorado River Valley vegetation consists of
cottonwood, willow, and tamarisk. Mesquite is found in intermediate zones between the
valley floor and the mesa. Precipitation normally occurs in short, high intensity
thunderstorms. Total annual precipitation averages from 2.4 to 4.2 inches per year with

IID receiving the least and CRIR and PVID receiving the most.

Daily data were compiled from seven climatic stations, for the period of record, for the
purposes of computing reference crop evapotranspiration (ET,) for the irrigated districts.
This was accomplished using the Penman-Monteith method, which requires the following
input values: maximum and minimum air temperatures, relative humidity, wind speed,
and solar radiation. Climate stations within California are part of the California Irrigation
Management Information System (CIMIS) and those in Arizona are part of the Arizona
Meteorological Network (AZMET). The following is a list of the stations and associated

irrigation districts:
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1. CIMIS #41 Calpatria, California Imperial Irrigation District
2. CIMIS #68 Seelely, California Imperial Irrigation District
3. CIMIS #87 Meloland, California Imperial Irrigation District
4. AZMET Parker, Arizona Colorado River Indian Reservati.on

5. CIMIS #72 Palo Verde, California Palo Verde Irrigation District
6. AZMET Yuma Valley, Arizona Wellton-Mohawk Irrigation District

7. CIMIS #50 Thermal, California Coachella Valley Water District
Soils

Comparison of the soils within these in’igation.districts is based largely on soil surveys
performed by the Soil Conservation Service (now the NRCS). The taxonomic
classification, physical and agricultural properties of the scils, and their aerial distribution
were determined by the NRCS. More detailed soil data were available for IID and
CVWD base on various district studies. The acreage of soils based on limited
permeability was determined for the irrigated areas within IID and CVWD. For PVID,
CRIR, and WMID, acreage by permeability was not determined and their reviews consist

of summaries of their respective soil surveys.
Crops

IID’s annual statement of crops and acreage is known as Imperial Irrigation District
Annual Inventory of Areas Receiving Water. Similar reports from the other districts were
used in this study, such as crop reports from each district or from cropping data reported
by the districts to the BOR. These were used to form cropping pattems for the period
1988-1997 based on available data. The cropping patterns were developed for each
district by separately listing all crops (by district) for each year such Crops were grown
throughout the period of record. An average ten-year acreage value was determined for
each crop by averaging the acreage devoted to that crop throughout the period of record.
These average crop acreage values were then ranked by acreage to determine the ten most

prevalent crops for each district’s period of record. The cropping patterns derived for IID
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and CVWD comprised about 80% of the crops grown by IID and CYWD. The cropping
patterns associated with CRIR, PVID and WMID include about 90% of the Crops grown
by those districts. For this study, determinations of total cropped acreage for each district
is regarded as equivalent to the total annual cropped acreage, including multiple cropping

as reported.
Water Supply

All of the irrigation districts rely on gravity diversion from the Colorado River, though
some employ lifting of water within the district service area. It is noted that CRIR pumps
some water from the river and WMID pumps water at various points within their canal
IS)'xstern. Since CVWD employs more drip and micro irrigation methods, much of their
system is pressurized and in addition CVWD’s water supply is significantly augmented

with local groundwater, which is of a much different water quality. In contrast, IID relies

- exclusively on surface water imported from the Colorado River. There is no usable

groundwater in the IID service area as a function of tight soils and inferior ground water

quality.

The average annual Colorado River salinity and flow rate measurements at Lee's Ferry,
Parker Dam, and Imperial Dam, have been compiled for purposes of comparing salinity
of water available among the various districts. Table 5 summarizes the data for the
period of record 1988-1997 and shows that the salinity content of the Colorado River
water increases as the river flows downstream. On average, the CRIR and PVID divert

better quality water compared to WMID, CYWD, and IID.
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Table 5: Average Annual Electrical Conductivity (mmhos/cm) and Average Annual Flow (cfs) at

Three Locations.
*Note: numbers in italics are estimates based on partial year data.
Lee’s Ferry Below Parker Dam Above Imperial Dam
9380000 9427520 9429490

Year EC Flow EC Flow EC Flow
1988 817 10,811 947 10,718 1,072 9,533
1989 757 11,074 899 9,697 1,140 8,311
1990 861 10,914 949 9,661 1,168 8,287
1991 921 11,581 1,004 9,500 1,243 7.924
1992 921 11,025 1,043 8,290 - 1,223 7,120
1993 . 897 11,391 990 7,552 1,230 6,554
1994 797 11,095 1,099 9,557 1,280 8,169
1995 807 14,096 1,086 12,162 1,260 7,692
1996 732 15,235 1,047 12,260 1,270 8,354
1997 719 21,099 981 14,136 1,147 10,318
Ave, 748.09 11,665.55 913.18 9.412.09 1,093.91 7,479.18
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The BOR is responsible for compiling records of diversion and return flow as part of the
administration of the 1964 Arizona v. California decree. These records are published
cach year as the Compilation of Records in Accordance with Article V of the Decree of
the Supreme Court of the United States in Arizona v. California, Dated March 9" 1964.
The term consumptive use in this context means diversions minus returns (Total
Diversion - Total Return = Consumptive Use). Additionally, the BOR compiles some
records of crop production and water use, These are called U.S. Bureay of Reclamation
Crop Production and Water Utilization Data. Records of this type exist for IID, CYWD,
and WMID; however, BOR has apparently not collected similar records for PVID or
CRIR.

Irrigation and Drainage

With the exception of CVWD, the irrigation districts use primarily surface jrrigation
methods, though some sprinkler irrigation is used in all districts. CVWD has
substantially more land devoted to permanent crops and uses drip and micro-sprinkler
systems primarily with higher quality ground water. CRIR and PVID produce significant
irrigation drainage flow that returns directly to the Colorado River, but CVWD and 1ID
contribute no return flow to the Colorado River. The irrigation drainage water from IID
and CVWD flows to the Salton Sea. WMID produces drainage water that discharges to
the shallow groundwater aquifer associated with the District and in addition is removed
via drainage canal that bypasses the Colorado River and discharges to Mexico. The
reason for this bypass is the WMID drainage water is highly saline and bypass is

necessary to meet Mexican Treaty water quality obligations.
District Water Use Assessments

Water use efficiency of IID was determined based on the results of the water balance
dev_eloped by NRCE in the 2002 report. A determination of district water use efficiency
for CRIR, PVID and WMID districts was estimated using a simple water balance method
based on flow records from BOR, though headgate delivery records are unavailable for
PVID and CRIR. Estimates of efficiency for CVWD are based on a more detailed

balance that reflects best assumptions regarding irrigation practices and groundwater
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contributions to irrigation water supply. Efficiency estimates were made for overall,

conveyance and distribution, and on-farm components for each irrigation district.

Overall efficiency is an expression of the net quantity of water used for the intended
purpose compared to the gross quantity of water entering the overall system. Overall
efficiency therefore includes conveyance/distribution and on-farm efficiencies.
Conveyance/distribution efficiency is an expression of the gross quantity of water
entering and leaving the conveyance/distribution portion of the systemn and is descriptive
of the "plumbing of the system," including the canals and pipelines. On-farm efficiency
applies to the water entering and leaving the farm unit and is therefore descriptive of the

on-farm irrigation process itself.

BOR has complete records of total river diversion and return flows for each district and
are available from the Compilation of Records in Accordance with Article V., of the
Decree of the Supreme Court of the United States in Arizona v. California. These records
are based largely on gaged flow records and in some situations unmeasured return flow
estimates, and for the most part reflect the water balance of the river system. For some
irrigation districts, the BOR possesses complete records of more detailed data which
include a breakdown of water use by type, These records are called Crop Production and
Water Utilization Data and include a statement of farm headgate delivery. It should be
pointed out that these are annual statements and do not include monthly data, Such data
are likely collected and kept by the irrigation districts themselves. CRIR and PVID do

not report these records.

The estimated efficiency figures for CVID were develo.ped using the amount of water
estimated to be consumed by the crops grown within CYWD. This determination is
based on the calculation of crop evapotranspiration and estimated total water consumed.
Estimation of the quantities of water required by the crops are generally sound as |
accurate climatic data are available to allow for the calculation of reference
evapotranspiration and the characterization of crop specific water use at various crop.
growth stages. Potential crop evapotranspiration represents the upper limit of water
required by crops. The actual amount of water consumed by irrigated crops is however -

subject to cultivation practices.
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Water Use Records

Water use records represent annual estimates of water supply, use and loss at various
locations within a given district as recorded by the BOR. To the extent data were

available for each district, the records used for this purpose are:

1. Cropped Acreage,

2. Total Diversion (from the Colorado River),

3. Return Flow (to the Colorado Ri ver),

4. Headgate Delivery, and

5. DCM&I (Domestic, Commercial, Municipal and Industrial).

6. Groundwater contributions to CVWD irrigation water supply were estimated as 15%

of CVWD’s surface water supply, as presented in the report: Coachella Valley Water

Problem: Severe Groundwater Overdraft "Possible Strategies and Opportunities”
(CVWD 1997).

Annual acreage is reported publicly by all the districts. These fi gures tend to represent
peak acreage on a yearly basis. Items 2-3 above were available and are feported for each
district within the USBR’s document entitled Compilation of Records in Accordance with
Article V., of the Decree of the Supreme Court of the United States in Arizona v.
California, Dated March 9", 1964, Ttems 4-5 appear in the BOR document entitled Crop
Production and Water Utilization Data for CVWD, 1IID and WMID only. All records
associated with CRIR are supposed to be compiled and kept by the U.S. Bureau of Indian
Affairs, which has not kept records of water use within the Reservation project for the
study pen’od due to the lack of a Reservation hydrologist '. According to the BOR, PVID

does not report quantities of acreage or water use to BORZ.

' Phone conversation with Conrad Kresge of BIA, 08/99.

? Phone conversation with Ms. Freddie Hood of BOR, 08/99. _
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Agricultural Water Requirement for CYWD

A more detailed water balance was necessary to estimate water use efficiencies
associated with CVWD due to the lack of detailed records of irrigated acreage and the
use of groundwater for supplementing the irigation water supply.  Additional

components developed for this district water balance include:

1. Estimated Crop Evapotranspiration (ET,),

2. Leaching Requirement,

W

Effective Precipitation, and

b

Adjusted Net Irrigation Requirement.

Crop Evapotranspiration

Annual estimates of crop evapotranspiration (ET,.) were determined for CYVWD for each
year within the study period. This was accomplished by multiplying the daily reference
crop evapotranspiration (ET,) by daily crop coefficients (K. values), corresponding to
cach of the crops identified in the clistﬁct’s cropping pattern. The result is a set of daily
evapotranspiration figures for each crop for the entire study period. These daily ET,
va.lues were condensed into annual ET. estimates for each year of the study period. K,
values and the growing season lengths were taken-almost entirely from those presented
by the Water Study Team (WST, 1998). WST generated a detailed set of crop
coefficients and growing seasons for most of the crops grown by IID and are believed to

be equally applicable to CVWD.

Because efficiency estimates for CVWD: are based partly on Crop evapotranspiration
(ET,), it was necessary to consider the effects of management and environmental
conditions on crop water use. Specifically, estimated ET, based on ET, and K, values
represents the upper limit of crop requirements and do not address the less than ideal
management and environmental conditions which actually exist in the field. These
include, for example, soil and irrigation water salinity, low soil fertility, irrigation non-

uniformity, pests and diseases that contribute to less than optimal yield. Research data on
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crop water use and related yields for alfalfa and corn indicate that potential yields and
corresponding ET. under ideal conditions may be 20 and 10 percent greater than actual
field yields and corresponding ET, for alfalfa and corn, respectively (Hillet al., 1983). In
other words, ET, of forage crops grown under field conditions may be 20 percent lower
than the theoretically estimated ET.. For the other crops, the field ET, would need to
drop 10 percent from theoretical estimates to reflect actual field ET.. Because of this,
adjustments were made to compensate for these differences. 1D Crop water requirements
were treated in the same manner within the water balance presented in the 2002 NRCE

report concerning IID water use,

Similarly, crop evapotranspiration was further adjusted to reflect an increase in the
amount of water resulting from water evaporated during pre-irrigation of crops. It was
assumed that 2.5 inches would be required for annual crops. For perennial crops, like
alfalfa, the 2.5 inches was divided by 4 to reflect the annual amount required by a crop
which received a pre-irrigation once in every 4 year planting cycle. Perennial crops like
orchards received 2.5 inches per year. These adjustments and the estimated leaching
requirements are combined to produce the Adjusted Field Requirement, which represents
the amount of water expected to be consumed on-farm. Assessments of field related
water uses for PVID and CRIR have limited value, since the lack of headgate delivery

records for PVID and CRIR precludes the determination of on-farm and conveyance &

- distribution efficiency.

Leaching Requirement

Leaching requirements for IID were determined in the March 2002 NRCE report as part
of the water balance for the district. In this case the leaching requirement determination
reflects the fraction of irrigation water infiltrated given the circumstances of the leaching
characteristics of heavy, cracking clay soils which dominate IID farms. The majority of
the irrigated areas associated with the other four districts are comprised of light soils and
therefore leaching requirements for those districts were estimated using Rhoades (1974)

method (Equation 1), which is suitable for non-cracking, permeable soils, where:
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LR = @;_%m {Equation 1)
where:
LR = Leaching Requirement,
ECiw = Electrical Conductivity of Irrigation Water,
and EC, = Electrical Conductivity of Soil Extract.

Based on this approach, the leaching requirement is strictly a function of the electrical
conductivity of irrigation water applied and that of the soil extract at saturation, which is
set equal to the salt tolerance of a given crop. The result is indicative of the amount of
water required to pass through the soil for maintenance of the desired root zone salinity.
When determining the leaching requirement, the electrical conductivity of the soil water
extract EC, is replaced with the salt tolerance for a specific crop. The salt tolerance
rating, developed by Maas (1990), was used to assign each crop a salt tolerance rating for
purposes of estimating leaching requirement, based on "top ten crops" associated with
each district. Estimates of each district’s leaching requirement (other than IID) were
determined and represent a weighted average acreage based on each district’s cropping

pattern.

The salinity tolerance of crops from Mass (1990) represents the salinity of root zone
water at which yields will begin to decline. The qualitative terms Sensitive, Moderately
Sensitive, Moderately Tolerant, and Tolerant define four classes of salt tolerance. The
ranges of soil water salinity at which no yield reduction is caused are shown below (Mass

1984) where 1.0 dS/m = 1,000 uS/m = 1,000 umho/cm.

Relative Crop Salinity Tolerance Soil Salinity (dS/cm)

Sensitive 00 tol3

Moderately Sensitive 1.3 to 3.0
Moderately Tolerant 30 to 6.0
Tolerant 6.0 to 10.0
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For crops such as citrus and nuts, leaching requirements were reduced to reflect high

frequency irrigated crops associated with drip and micro-sprinkler systems.

Adjusted Field Requirement

For CVWD the Unit Adjusted Field Requirement and Adjusted Field Requirement
represent the gross amount of water consumed at the field level and are expressed in

terms of the per-acre unit requirement and total acre-feet requirement, respectively.

Effective Precipitation and Adjusted Net Irrigation Requirement

Effective precipitation was determined for purposes of the water balance used for IID and
CVWD. Effective precipitation and NIR determinations were not necessary for the other
districts because in the case of WMID, BOR records are complete and allow for the
determination of water use efficiency, on this basis. In the case of PVID and CRIR, no
determination of effective precipitation and NIR were necessary because of the lack of

headgate delivery records, which preclude identification of farm water use.

Effective precipitation is the amount of precipitation available to a crop and is considered
effective if it contributes to the water requirements of the crop. There are a number of
methods for determining the fraction of precipitation that becomes available to a Crop or
that portion which is considered effective. For purposes of this comparative study, the
SCS method of estimating effective précipitation was used assuming the standard 3 inch
depth of application. The SCS method of determining effective precipitation is presented
in Technical Release 21, Irrigation Water Requirements U.S. Department of Agriculture,
SCS, revision 1970. ‘This method was also used for purposes of the IID water balance, in
the NRCE 2002 report.

Net Irrigation Requirement (NIR) is the net amount of water necessary for the crop at the
field level and is often expressed on a per-acre basis. NIR is calculated by subtracting
effective precipitation from the estimated crop evapotranspiration. It is the amount of
water required by the crop and does not include additional water necessary for leaching

of salts or the amount of water necessary to overcome losses or inefficiencies due to
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application of irrigation water on the field. For purposes of this study, the Adjusted NIR
represents Adjusted ET; + Leaching Requirement — Effecti ve Precipitation.

Estimation of System Efficiencies

Irrigation efficiency (IE) as defined by Charles Burt (1990) states that (IE = Irrigation
Water Beneficially Used / Irrigation Water Applied) x 100. The two main components of
this calculation are the beneficial use component, which includes the net irrigation
requirement and the leaching requirement. Based on this definition, estimates of overall,
conveyance/distribution, and on-farm efficiency have been determined for D and
CVWD. For each of the other three irrigation districts that have return flows to the
Colorado River (other than IID and CVWD), Overall Efficiency was calculated as the
ratio of (Total Diversion — Return Flow) / Total Diversion. This estimate represents an
overall project efficiency, strictly on the basis of flow entering and leaving the district.
Overall efficiency for CVWD is derived from the ratio of water beneficially used/ total
diversion. This estimate is based on the adjusted net irrigation water requirement and
reflects direct estimates of irrigated acreage, leaching fraction, and pre-irrigation. A
summary of the quantities and the efficiency estimates are presented in each of the
following sections corresponding to each irrigation district and then in summary at the

end of this report.
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IMPERIAL IRRIGATION DISTRICT - DESCRIPTION OF IRRIGATION
DISTRICT

Approximately 97% of the water diverted by IID from the Lower Colorado River is used
for irrigation. Use of groundwater for agriculture is negligible and surface irrigation is

the dominant method used within the district.
Climate

The climate of Imperial Valley was characterized in the SCS Soil Survey of Imperial

County California by the following properties:

- Annual Precipitation 2.4 inches/year.
Mean Temperature 73 degrees F.
 Growing Season (32 deg, 9/10 years) 300 days.

In order to provide a more detailed comparison of climate, actual data were compiled
from three CIMIS climatic stations within the Imperial Valley. These stations are
Calpatria (CIMIS #41), Seeley (CIMIS #68) and Meloland (CIMIS #87). These data
were used for calculation of reference crop evapotranspiration (ETo), using the Penman-
Monteith method, are summarized in Tables 6-8. It can be seen that there is little

variation in annual average conditions, from station to station, for the period 1988-1997.
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Table &

lID Climate Station (Calpatria)
Average Monthly Figures
Cimis #41 Calpatria, Californla 1988-1997

Air Temperature (F} % Relative Humidity wind ] Rs Rn ETa

Month Max Min Max Min Speed m/z  {MJ/day/m”2) (Mdiday/m?2}  (mmiday)
Jan 68.9 38.4 86.8 35.9 1.8 11.9 3.8 2.2
Feb 74.0 42.2 855 341 19 158 ' 6.3 3.0
Mar 79.7 458 83.8 29.1 2.1 207 9.6 4.4
Apr 86.1 51.0 80.5 238 2.3 .25.6 13.0 6.0
May 93.1 57.7 72.0 19.2 2.8 284 14.9 8.0
Jun 161.5 63.9 64.1. 16.8 2.6 295 15.6 9.1
Jul 105.6 726 §7.4 225 28 27.6 154 9.0
Aug 105.4 75.5 69.8 26.0 25 25.6 14.3 8.4
Sep 101.4 69.2 710 23.1 2.3 221 11.0 7.1
Oct 91.4 57.3 72.8 211 2.0 17.6 7.1 5.1
Nov 7.7 44.8 79.7 251 1.9 13.0 41 3.1
Dec 68.1 37z 849 341 1.7 106 3.0 2.0

Table 7

IID Climate Station (Seeley)
Average Monthly Figures
Cimis #68 Seeley, California 1988-1997

Air Temperature (F) % Relative Humidity Wind Rs Rn ETeo
Month Max Min Max Min Speed mis _ (MJ/iday/m*2) (MJiday/m~2) {mm/day)
Jan 69.4 400 70.0 33.0 1.7 12,0 37 2.3
Feb 4.7 43.8 75.9 28.8 20 15.8 6.1 33
Mar 80.1 48.1 70.9 23.9 24 211 9.5 4.8
Apr 86.56 53.9 64.0 20.3 2.6 25.8 12.7 6.4
May 93.1 80.5 59.2 18.6 3.2 28.4 14.6 8.4
Jun 101.0 68.0 56.3 16.4 3.0 205 154 9.4
Ju! 104.9 72.4 69.1 218 2.3 274 152 8.7
Aug 104.5 74.4 71.0 285 2.1 25.2 141 7.8
Sep 100.5 69.1 B5.9 242 1.9 22.0 10.9 6.4
Oct 911 58.2 61.1 207 1.9 18.1 7.0 4.8
Nov 77.9 459 65.9 24.0 1.9 13.7 4.0 3.1
Dec 658.6 38.8 728 30.7 1.5 10.8 2.8 2.0

Table 8

/1D Climate Station (Seeley)
Avarage Monthly Figures
Clmis #87 Meloland, California 1930-1997

Air Temperature (F) % Relative Humidity Wind Rs Rn ETo

Month Max Min Max Min Speed mis  (MJiday/m*2) (MJiday/m"2) (mm/day)
Jan 69.2 40.9 77.8 35.8 1.7 11.9 3.8 2.2
Feb 74.1 44.8 75.7 34.2 1.9 15.6 6.2 3.0
Mar 79.2 48.5 74.4 29.7 2.3 21.0 0.8 4.4
Apr 86.6 53.9 89.3 24.5 286 © 263 13.3 6.3
May 93.4 60.0 64.8 228 2.9 28.8 15.3 7.9
Jun 101.6 65.4 60.2 20.8 25 29.5 15.9 8.6
Jul 105.9 73.1 85.2 236 24 27.4 15.4 8.6
Aug 106.2 76.6 66.7 27.2 23 25,6 14.4 8.1
Sep 102.0 7.2 68.1 26.5 206 220 11.3 6.5
Oct 91.6 59.1 66.7 238 1.9 181 - 7.4 4.8
" Nov 771 45.9 749 25.8 1.9 13.5 4.4 29

Dec 67:5 39.6 77.0 35.0 1.8 10.5 3.0 1.9




Soils

The majority of irrigated lands within IID correspond to what was once the Salton Sea
lakebed floor and is now the area south of the Salton Sea. These lands are comprised of
soils that are primarily lacustrine in origin (lakebed soils), which explains the properties
of the soils and irrigation management required within this area. Lacustrine soils are
formed from the deposition of very fine sediments which settled out from suspension,
forming the layers of mud on the bottom of the old lakebed. This is an important
distinction between IID soils and those of other districts. Most of the soils of the other
districts were formed from altuvial (river) and eolian (wind) induced processes that create

coarser and therefore more permeable soils.

According to the SCS Soil Survey of Imperial County California, the predominant soils
associated with the majority of the irrigation project are within the extent of the old
lakebed. The basin is very flat, with the long axis of Imperial Valley sloping downward
to the north, toward the Salton Sea, at about 0.1 percent and slopes about 0.3 percent
from the east and west in towards the middle. Because this old lakebed is so flat, IID
soils were formed primarily by the deposition of very fine sedimentary materials. The
resulting soils are very fine grained and dominated by clay, but can include bands, streaks
or layers of courser grained materials that were deposited locally along the stream

courses of flood waters entering the basin.

Within IID, these courser materials have often been somewhat dispersed over localized
areas by further alluvial and wind refated processes subsequent to the formation of the
original lakebed. It is however the abundance of lacustrine clay soils, within IID, that
create conditions of low water permeability and while some soils and are characterized as
well drained to poorly drained soils, the prevailing overall condition is one greatly limited
permeability. The SCS states that in addition to the natural soil formative processes, "the
natural drainage of these soils has been altered by the seepage of water from irrigation
canals and by extensive irrigation.” Such seepage has created high water tables in some
areas that further reduce soil drainage. Within IID this shallow groundwater contains
high levels of dissolved salts. Additionally, researchers, such as Grismer and Bali (1996

and 1998), have stated that many fields within IID are impacted by high water tables due
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to inadequacy of subsurface drain systems installed in heavy clay soils with high water

tables.

Soils have been mapped according the identification of soils by the taxonomic
classification called a “series.” The soil map therefore represents the study area divided
into soil mapping units that consist of areas exhibiting common characteristics. These
Units are named by the dominant series or the combination of series present. Among the
soils encountered within these five irrigation districts, combinations of specific soil series
are referred to as complexes. Complexes are combinations of soils that exist in
intricately mixed patterns that preclude mapping them separately. Two separate
categories of soils are described for [ID. They are the Valley-Basih Soils and the Mesa
Soils Adjacent to the Lakebed.

Valley-Basin Soils

The soils corresponding to most of the irrigated lands of IID are considered valley-basin

 soils and are broadly summarized in Table 7 according to the dominant characteristics of

the surface layer.

Table 9: Description of Soil Series and Complexes of Soil Series Found within the Lacustrine
Basin of Imperial Valley.

Nearly level, moderately well drained silty clay in the

a. I.mpcnal lacustrine basin :

Nearly level, moderately well drained and well drained clay,

b. Imperial-Holtville-Glenbar silty clay loam, and clay loam in the lacustrine basin

Nearly level, well drained fine sand, loamy very fine sand, fine
¢. Meloland-Vint-Indio sandy loam, very fine sandy loam, loam, and silt loam in the
lacustrine basin

Nearly level, moderately well drained gravelly sand, fine sand,
d. Niland-Imperial silty clay, and silty clay loam at the edges of the lacustrine
basin.

Nearly level, well drained and moderately well drained silt
¢. Glenbar-Imperial loam, clay loam, silty clay loam, sand, fine sand, and silty clay
dominantly in basins on West Mesa.

Nearly level, poorly drained soils of undifferentiated texture in

f. Fluvaquents the lacustrine basin.
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Mesa Soils Adjacent to the I akebed

The soils of the mesa areas adjacent to the Imperial Valley comprise very little of the
irrigated land within IID and are characterized primarily as well drained and somewhat
excessively drained soils dominantly on east and west mesas adjacent to the lacustrine

basin. The general soil mapping units of these areas are described in Table 10.

Table 10: Descriptions of Soil Series and Complexes of Soil Series Comprising the East and West
Mesas Adjacent to the Lacustrine Basin of Imperial Valley.

Nearly level to moderately steep, somewhat excessively
a. Rositas drained sand, fine sand, and silt loam in alluvial basins and on
' ' fans and sand hills

Nearly level, somewhat excessively drained loamy fine sand or

b. Rositas-Superstition fine sand on alluvial terraces and fans.

Nearly level, well-drained and somewhat excessively drained
c.Antho-Superstition- Rositas | fine sand and loamy fine sand in alluvial basins and on ailuvial
fans and terraces.

Nearly level, moderately well drained gravelly sand, fine sand,
d. Holtville-Antho silty clay, and silty clay loam at the edges of the lacustrine
basin.

Nearly level, well drained loamy fine sand, loam, silty clay

¢. Glenbar-Imperial loam, and silty clay on alluvial terraces.

Dominant Soil Serigs and Permeability of Irrigated Lands

Each soil series has its own distinguishable characteristics which define it physically and
taxonomically and is distinct because of its chemical, physical and engineering
properties. Permeability is a particularly important property in irrigation design and
practice. The acreage of soils by mapping unit and the permeability of the limiting soil
strata within each mapping unit have been estimated. The soils corresponding to the

irrigated area within IID are summarized in Table 11.

Permeability, like other soil properties, often varies with the depth of the soil profile.
Because of this, each property associated with a given soil mapping unit has a range of

values which vary with depth. The value of limiting permeability shown in Table 12 is
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indicative of the degree to which water is limited when passing through the root zone of
the crop. The acreage value in the table corresponds to the total acreage attributed to the
soil mapping unit. Some soils found to occur within the area addressed are not
considered arable and have not been characterized by permeability. The soils listed in
Table 11 have been characterized by permeability group in Table 9. The permeability

group is a class of soils according to the breakdown preceding Table 9.
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C' Table 11 - IID Seils within Irrigated Boundary Sorted by Permeability of Limiting Layer in the Top Four Feet.
Ma

p  Dominate Permeability Range  Limiting  Group Group
Unit Soil Minor_Description Acreage  (Low and High)  Permeability Acreage Percentage
109  Holtville  sity Clay 2,589 006 6.00 0.06
110 Holtville  Ssility Clay, wet 72,966 Q.06 6.00 0.06 Low Permeability
111 Holtville  tmperiai Silty Clay Loams ‘ 3 006 2.00 0.06
112 Tmperial  Siity Clay ) 317 0.06 0.20 0.06
113 Imperial  silty Clay, Saline : 2,500 0.06 0.20 0.06
114  Imperial = sitty Clay, Wet 119,682 0.06 0.20 0.06
115 Imperial  Genbar Silty Clay Loams, wet, 0 to 2 percent slope 150,924 D.06 0.20 0.06
116  Imperial  Gleabar Silty Clay Loams, 2 to 5 percent slope - L3755 0.06 0.20 0.06
121 Meloland Fine Sand 1,253 0.06 6.00 0.06
122 Meloland  very fine Sandy Loam, Wet 98,810  0.06 6.00 0.06
123 Meloland  and Holtville Loams, wet 13,047 0.06 2.00 0.06
124 Niland  Gravelly Sand 1,364  0.06 20.00 0.06
125 Niland  Gravelly Sand, wet 6,543 (.06 20.00 0.06
126 Niland  Pine Sand 459 0.06 20.00 0.06
128 Niland Impenal Compiex, Wet 3, 118 0.06 20.00 0.06
144 Vint Indio Very Fine Sandy Loams, Wet 15,369 0.06 6.00 0.06 450,320 86.9%
106 Glenbar  Clay Loam, wet 3,798 020 0.60 - 0.20
107  Glenbar  Complex 969 020 2.00 0.20 Medium Permeability
117 Indio Loam 1,208 0.60 2.00 0.60
118 Indio Loam, wet 13,837 (.60 2.00 0.60
\.\ 19 Indio Vint complex 6,435  0.60 2.00 0.60 26,247 4.7%
C / 101 Antho Bupperstition Complex 31 2.00 6.00 2.00
103 Carstias  Gravely Sand, 0 o § percent slope 237 6.00 2000 6.00 High Permeability
130 Rositas  Sand, 0to 2 Percent Slope 775 6.00 20.00 6.00
132 Rositas  Fine Sand, 0 10 2 Percent Slope 2,927 600 20.00 6.00
133 Rositas  Fine Sand, 2 to 9 Peroent Slope 1% . 6.00 20.00 6.00
135 Rositas  Fine Sand, Wet, 0 to 2 Percent Slope 11,797 6.00 20.00 6.00
136 Rositas  Loamy Fine Sand 0 Io 2 Percent Slope 29 6.00 20.00 6.00
137 Rositas  Silt Loam, 0 to 2 Percent Slope 8 6.00 20,00 6.00
142 Vint Loamy Very Fine Sand, Wet . : - 31,790 2.00 6.00 2.00
143 Vint Fine Sandy Loam- 3 2.00 6.00 2.00 47,616 8.4%
Total 564,182 564,182 100%




Permeability Permeability Range
Class Inches/hour

Low <0.06

Medium 0.06-2.6

High >2.0

Table 12: Soils Permeability Grouping

Permeability Group Acres Percent Represented
High - 47,616 _ 8.4%
Mediuvm 26,247 4.7%
Low 490,320 86.9%
Total 563,183 100.00%

The acreage figure in Table 12 is indicative of irrigable soils within the boundary of the

greater ID irrigated land area but includes lands which are not irri gated.

The irrigated soils of Imperial Valley are primarily heavy soils of low permeability and
intake rate. According to Bower (1989), “The soils of the IID consist of highly stratified,
predominately clay and silt Colorado River deposit.” Kaddah and Rhoades (1976), stated
that “The soils of the valley [1ID] have been deposited under lacustrine, semilacustrine,
and deltaiec conditions within the valley and alluvial fan formations at the outer marging
of the valley. They are highly sfratified Entisols, and are divided into eight soil series
according to the textu.re of the main soil section (25-100 cm depth). Soils having control
sections of (i) clay and silty clay —Imperial soil series; (ii) silty clay loams, clay loams
and sandy clay loams-Glenbar series; (iii) silt loams, loams, and very fine sandy loams-
Indio series; (iv) fine sandy loams and loamy fine sands-Antho series; and fine sands-
Rositas series. Three soil series contain two major strata of contrasting textures. Soils
with fine textures such as silty clay overlying loamy textures, such as sandy and silt loam,
fall into the Holtville series. Soils with an inverse stratification of coarse-loamy over fine

textures belong to the Meloland series. Local overwash of sand or gravelly sand
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underlain by clay textures is called the Niland series. The Imperial series belong to the
Typic Torrifluvent Subgroup, the Rositas belong to the Typic Torripsamment Subgroup,
and the rest of the series belong to the Typic Torrifluvent Subgroup. The acreage
percentages of the various series in the irrigated land of Imperial Valley are estimated as
44% Imperial; 15% Glenbar; 15% Holtville; 8% Meloland; 8% Antho; 6% Indio; 2%
Niland; and 2% Rositas”.

The predominant soil type of IID is the Imperial Series comprising approximately one
half of the soils in IID. It is of low permeability, often less than 0.10 inches per hour or
0.20 ft/day. In comparing IID soils with those of CVWD, Bower (1989) stated that
“except for a few percent of clay loam soils near the Salton Sea, all CVWD soils are
sandy loams or loamy sands having infiltration rates in excess of 1 ft/day, the impediment
to drainage of the clay and silt lenses having been eliminated by a tillage operation called
‘slip-plowing’. While it is evident that the infiltration rates of essentially all CVWD soils
are sufficient to permit a reasonably high leaching requirement, this is not the case for
most IID soils due to the predominance of fine textured soils comprised of high shrink-

swell clay". (Bower, 1989).
Crops and Leaching Requirements

The SCS Soil Survey for Imperial Valley stated that over 20 different kinds of crops were
grown in the valley in 1975. While this certainly accounts for the majority of crops
grown, over 110 different crops are listed in Imperial Irrigation District’s Inventory of
Areas Receiving Water and this does not include seasonal variations or crops grown for
seed. The top ten crops comprise about 80% of the total crops grown for the average year
for the period 1988 to 1997. For this period of record, the maximum, minimum, and
average total irrigated acreage of IID was 564,873 (1997), 497,659 (1988) and 536,136
acres, respectively, and includes multiple cropping. Table 13 shows the top ten crops

grown by acreage, crop type, and the salt tolerance rating.

Of all crops grown in IID during this period, 2.8% were permanent, 21.1% were garden,
and 76.1% were field crops. The total category percentages with regard to salt tolerance

of crops are as follows: 2.5% - no category (according to Maas), 6% Sensitive, 12.3%
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Moderately Tolerant, and 29.6% Tolerant, 49% Moderately Sensitive. On this basis and
using the Rhoades equation for determining leaching requirement, NRCE preliminarily
estimated the standard leaching requirement to be 10.4 percent. This method is not
however appropriate for IID because it does not address leaching conditions associated

with cracking clay soils.

Table 13: Top Ten Crops by Acreage, Imperial Irrigation District, 1988-1997.

Salt Average % of Running
Crop Crop Type Count
Tolerance | Acreage Acres Sum %
Alfalfa. Flat Field MS 171.690 32.02 32.02 |
'Wheat - : Field T 69,491 12.96 44,99 2
Sudan Grass Field MT 62,222 11.61 56.59 3
Sugar Beets Field T 37,428 6.98 63.57 4
Lettuce Garden MS 23,0684 4.42 67.99 5
Cantaloupes (Spring) Garden MS 16,060 3.00 70.98 6
Bermuda Grass (Seed) Field T 15,523 2.90 - 73.88 7
Carrots Garden S 14,649 2.73 76.61 8
Bermuda Grass Field MS 13,535 2.52 79.14 9
Onions Garden S 10,876 2.03 81.17 10

S

Prior to the time period considered above, Bower (1989) summarized the Crops grown in
IID according to salt tolerance, with 11% sensitive, 41% moderately tolerant, 48% highly
tolerant. He calculated the leaching requirement based on the concentration of dissolved
solids from the soil water extract, these correspond to 3,250, 5,850 and 9,200 parts per
million respectively. Using 850 ppm total dissolved solids (TDS) for the irrigation water
produced an estimated leaching requirement of 11.9%. Taking into account the heavy
clay cracking soils of IID, NRCE estimated a leaching fraction of about 13.5 percent
using the water balance presented in the 2002 NRCE report.

Water Supply

The Imperial Irrigation District receives its water supply entirely from the Colorado River
diversion at Imperial Dam by way of the All American Canal. The quality of irrigation
water used by IID is similar to that of WMID as well as the surface water portion of
CVWD’s water supply. The Colorado River is diverted to these three districts at Imperial

Dam. The average specific conductance and the corresponding flow at a location just
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upstream from Imperial Dam is 1,209 uS/cm and 8,034 cfs, based on the period of record
1990-1998. The corresponding average specific conductance and average flow rate of
the Colorado River at Lee’s Ferry is 814 uS/cm and 13,301 respectively.  Specific
conductance of water is an expression of the conductivity of water as determined by a
standardized procedure, whereby the resistance or voltage drop across an emersed anode
and cathode of fixed distance, determined. It is expressed in micro-Siemans per
centimeter (uS/cm) or equivalent unit of conductance. It is used as a surrogate
measurement of total dissolved salts within the water, where the ratio of proportionality is
dependant on the actual constituent ions and cations. One thousand uS/cm is about 640

ppm TDS.
Diversion

IID diverts water from the Imperial Dam. The amount of water described as the net
supply for IID is stated for a location just upstream of the East Highline Canal. For the
period 1988-1997, IID's average net supply was 2,799,000 acre-feet of water.

Convevance and Distribution

Water diverted from Imperial Dam to IID and CVWD is transported by means of The All
American Canal. At a point near the eastern edge of IID, some of the flows of the All
American Canal are diverted into the Coachella Canal, serving CVWD. The majority of
flow continues onward to the East Highline Canal and other subordinate conveyance
canals, The average annual total of the farm headgate deliveries for the period 1988-
1997 was 2,503,300. IID’s conveyance and distribution efficiency was about 89% based
on-farm headgate delivery divided by net supply.

Irrigation and Drainage

Although surface/flood irrigation is predominant in Imperial Valley, sprinkler irrigation
is sometimes used for leaching and germination of crops. Surface irrigation is well suited
to IID for a variety of reasons, for example: level lakebed topography, the low intake

rates of the soils, the consistency of IID’s water supply, the nature and design of the IID
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water delivery and management system, the salinity of the water, the large field areas

irrigated and the types of crops grown.

An extensive network of open and subsurface drains, about 1,460 and 33,627 miles
respectively, drains the lands of IID. According to Kaddah (1976), open drains provide
outlets for surface and subsurface drainage water. Except for some drains in the north
that discharge directly iﬁto the Salton Sea, the open drains discharge into the Alamo and
New Rivers, which in turn discharge by gravity-flow into the Salton Sea. Open drain
construction ‘began in about 1921 to alleviate the water lﬁgging and salinity problems that
had developed in the valley. The system was only partially successful and the need for
more field subsurface drains became urgent because of salt accumulations in the soils.
Farmers began to install tile drains on their land as early as 1928. Now about 156,000
[1976] ha or (385,000 acres) or about 88% of the irrigated area in the valley has tile or
plastic tube subsurface drains installed 1.5-1.8 m (5-6 feet) deep at spacings of 15-75 m
(50-250 feet). This drainage system represents a huge investment toward the maintenance

of sustained long-term agriculture in the Imperial Valley.
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11D WATER USE ASSESSMENT

According to Boyle (1990}, fields within IID tend to be deficit irrigated. This has
impacts on irrigation efficiency in that the historical crop irrigation water use has been
less than the potential and optimum crop irrigation water requirement. This results from

the following conditions:

Soils have low intake and drainage rates that inhibit leaching.

. In cases where tailwater is deemed excessive, ITD imposes an assessment of three

times the cost of water for tailwater that can result in under irrigated conditions.
. Water is available only in twelve-hour block deliveries.

. Over irrigation or ponding of water on some crops causes scalding and can result

in irrigator judgment favoring water control timing to minimize pondin e
. Variations in crop density and or vigor.

. Variations in scheduling of farm operations.

Elimination of deficit irrigation requires more water to be applied, which would result in
greater tailwater and drainage flow and lower irrigation efficiency, but would result in
higher yields and better leaching results. Table 14 summarizes water use and efficiency
for IID.

Table 14 represents a determination of water use based of results from the water balance
analysis, presented in the March 2002 report by NRCE. In the case of IID, no return
flow is reported because no portion of the net supply, as measured near the East Highline
Canal, returns to the Colorado River. For IID, overall efficiency is estimated on the basis
of NRCEs 2002 water balance and is 74.5 percent. The estimated
conveyance/distribution and on-farm efficiencies are 89.4 and 83.4 percent based on the

ten year averages (1988-1997) for each expression of efficiency.
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Table 14 |
Tmperial brrigaton District - Cn 1988 - 1397
Year
- - . Units 1988 1589 1950 1991 1492 19933 1994 1585 1954 1997 Average

1. Met Supply at EHL 2,799,000 2.556.000 2,887,600 7,726,000 2 AD2 00 2,600,000 237,000 3,590,000 2,978,000 2,950,000 2,793,000
2. Farm Headgate Delivery (WST) Ac-fYr 2,475 000 2.558,000 2,604,000 243%,000 2,068,000 2,322,000 2,570,000 2,575,000 2,709,600 2,684,000 2,503,200
3. Crop ETc (watex bal ) Ac-ftYr 1,861,000 LE& L DMy 1,580,000 1,859,000 1,738,000 1,795,000 1,862,000 L0000 1,353,000 1,998,000 L85, 700
4, Effcctive Previpitation {water bal) Ac-fYr 68,000 59,000 73,000 135 000 210,000 190,000 51,000 79,000 25,00 120,00K} 105:400
5, Net Imigation Requirement (wates bal ) Ac-fY'r 1,793,060 1,802,000 1,807,000 1,724.000 ° 1,528,000 1,605,000 1,771,800 1,741,000 1.824,000 1,868,000 1,746,300
&. Leaching Requirament (NRCE} ARV 310,000 330,000 338,000 346,000 301,600 317,000 365,000 252,000 173,000 345,000 '337.900
¥. Ovezal! Efficiency Percent 73 40% 74.55% 14.33% 75.94% 76.14% T82% 4.3 2A46% 13.77% T4.01% T4.50%
$. On-Fam Efficiency Poyoent 34.97% 3335% 32414 B4.9L% E7.18% $1.71% BL11% BL32% Bl 10% B245% B3.36%
5. Conv & Dhst Efficiency Percent 53, 74% ED.57% 90,2084 89 44% B7.34% 29.31% B9.48% BH.10% 90574 39.77% B9.39%
Notg:

. Net Supply near EHL = AAC Inflow o Canal System - M[ Detiveries.

2. Farm Headgate: Defivery = brigation Water Delivered within Smdy Arca Reported.

Y. Crop ETc = Total Water Congumed on Ag. Land.

4, Effective Precipiation = Rainfall Water Consumption on Ag. Land.

5. Net Irigation Requi = Total Imigation Water Consumption on Ag. Land.
6. Leaching Requiramens Determined by NRCE, March 2002,
7. Dwvexall Efficiency = Net [rrigation Water Requirement +Leaching Requlrement / Net Supply,
8. On-Farm Efficiency = Net Irrigation Water Requirerent + Leaching Requlvesncat / Farm Headgate Delivery.
9.

Conveyance and Distrfbution Efficicucy = Farm Beadgate Pelivery f Net Supply.




COLORADO RIVER INDIAN RESERVATION IRRIGATION DISTRICT

The Colorado River Indian Reservation Irrigation Project is administered by the Bureau
of Indian Affairs and is located on both sides of the Colorado River with the majority of
the Reservation and irrigated lands located in Arizona. According to the BIA Annual
Irrigation Crop Reports of 1994, there are as many as 84,000 acres of irrigable land on
the CRIR within Arizona and about 3,590 acres in Californja. Most of the irrigated
farmland is within the floodplain of the Colorado River. About 1,800 acres of irrigated
land lies on higher terraces well above the floodplain and are irri gated with water pumped

from wells.
Climate

The climate of CRIR has been characterized by the SCS in the Soil Survey of Colorado
River Indian Reservation Arizona-California, according to records from the Parker, AZ

station. These are summarized below.

Annual Precipitation 4.1 inches/year.
Mean Temperature 73 degrees F.
Growing Season (32 deg. 9/10 years) 257 days.

Specific climate data from the period 1988-1997 were compiled for calculation of
reference crop evapotranspiration (ET,) using the Penman-Monteith method. These were
compiled from the records of the AZMET climate station at Parker, Arizona and are
shown in Table 15. This table shows the 10 year average, maximum and minimum
monthly air temperatures, relative humidity, wind speed, solar radiation, and calculated

reference crop evapotranspiration.
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Table 15

Colorado River Indian Reservation Glimate Station
Average Monthly Figures

AZMET Station Parker Arizona 1988-1997

Air Temperature (F} % Relative Humidity Wind Hs Rn ETo

Maonth Max Min “Max Min Speed m/s  (MJiday/m*2) (MJ/day/m*2) (mm/day)
Jan 67.2 38.3 80.4 34.0 26 11.3 3.4 286
Feb 73.0 42.8 78.1 28.6 28 15.1 57 3.7
Mar 79.0 472 77.0 228 31 204 9.1 5.5
Apr 87.5 539 63.1 15.1 36 254 12.2 8.0
May 94.3 61.2 57.8 13.0 3.7 284 14.3 9.8
Jun 101.7 67.2 558 11.3 34 29.9 15.3 10.8
Jul 104.7 73.8 67.1 19.5 3.2 279 15.3 10.1
Aug 104.2 74.5 75.8 251 2.8 255 14.2 8.8
Sep 101.4 67.4 74.2 S 175 24 22.4 i0.8 7.6
Oct 917 55.1 67 .4 15.0 23 17.9 6.6 5.8
Nov 76.8 43,2 69.7 205 2.4 13.3 36 3.8
Dec 67.2 36.5 74.7 29.3 2.4 10.7 28 2.6




Soils

The majority of irtigated lands within CRIR are made up of the soils found on terraces
adjacent to the Colorado River. These soils therefore tend to be mostly alluvial in origin
and are considered to be well to excessively drained and of lower water holding capacity.
According to the SCS Soil Survey of the Colorado River Indian Reservation, in parts of
Lapaz County, Arizona and Riverside and San Bernardino Counties, California, the
predominant soils associated with the majority of the CRIR irrigation project are shown
in Table 16 below.

Table 16: Descriptions of Soil Series and Complexes of Soil Series Comprising Irrigated Lands
within CRIR

Deep, well drained and somewhat excessively drained level

2. Gilman-Glenbar-Lagunita to undulating, loamy and sandy soils; on flood plains

Deep, excessively drained, nearly level to gently sloping,

b. Carrizo very gravelly and sandy soils; on flood plains

Deep, somewhat excessively drained, nearly level to rolling,

c. Su ition-Rosi .
perstitio sitas sandy soils; on stream terraces and sand dunes

The soils of the CRIR irrigation project are somewhat variable, though predominantly
coarse and well drained. Leveling of fields in the past has caused the removal and or
dispersal of the top layers of the soil profile, which has in turn resulted in the exposure of
the more coarse materials below. This has resulted in such rapid deep percolation that
proper distribution of irrigation water has been difficult to achieve using surface
irrigation methods. Sprinkler irrigation tends to reduce some of these problems and is

used to some degree.
Crops

The predominant crops grown by CRIR for the average year within Arizona are shown in
Table 17. These crops represent the majority of irrigated lands within the reservation.
The records for the period described are not complete (Personnel communication, BIA

1999),
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Table 17: Top Ten Crops- Colorado River Indian Reservation, Lapaz, AZ. 1991-1998

Crop Salt Average % of Running
Crop Count
Type Tolerance | Acreage Acres Sum %
Alfalfa Field MS 40.508 52.05 52.05 |
Cotton Lint Field T 24,269 31.19 - 83.24 2
Wheat Field T 5,348 6.87 90.11 3
_iiSudan Grass Field MT 1,720 2.21 92.32 4
Cantaloupe Garden MS 1,201 1.54 93.87 5
Bermuda (Seed) Field T 734 0.94 94.81 6
Honeydew Garden MS 579 0.74 95.55 7
Onions (dehydrated) Garden S 545 0.70 96.26 8
Bermuda (Hay) Field T 441 0.57 96.82 9
Oats Field MT 440 0.57 97.39 10

Of all the crops grown within the Arizona portion of the Colorado River Indian
Reservation during 1991-1998, less than 0.1% were permanent, 4.8% were garden, and
95.1% were field crops. With regard to salinity, the following percentages pertain: 0.7%
- no category (according to Maas), 1.4% Sensitive, 2.8 % Moderately Tolerant, 39.6%
Tolerant, and 55.% Moderately Sensitive. Acreage of crops grown on CRIR lands within

Riverside, California are shown in Table 18.

Table 18: Crops and Acreage- Colorado River Indian Reservation, Riverside County, California,
1993-1998 (records available)

Crop Crop - Salt Average % of Running Count
Type Tolerance | Acreage Acres Sum %
Alfalfa Field MS 1,165 78.74 78.74 1
Sudan - Field MT 3 0.23 . 78.96 2
Wheat Field T 10 0.68 79.64 3
Peanuts Field NA 74 4.99 84.63 4
'Watermelon Garden MS 61 4.15 88.78 5
Cotton Lint Field T i3 2.25 94.78 6
"Cantaloupc Garden MS 77 5.22 100.00 7

The maximum, minimum and average acreage of crops grown within the California
portion of the CRIR is 1,774 (1994), 1,260 (1997) and 1,479 (1993-1998) acres

respectively, including multiple cropping. Of all crops grown in this portion of CRIR,

39




@

during 1993-1998, 0.0% were permanent, 2.4% were garden, and 97.6% were field crops.

With regard to the salt tolerance of crops, the following percentages pertain: 5.0% - no

category (according to Maas), 0.0% Scn_sit.ive, '7.9% Moderately Tolerant, 5.9% Tolerant,
and 81.2% Moderately Sensitive.

Water Supply

CRIR receives water directly from the Colorado River by surface diversion and from
pumped diversions. Lands within California are served exclusively from river pumps and
wells. The degree of groundwater supplement is small, as shown by U.S. BOR records of

water users.

The quality of irrigation water used by CRIR is that of the Colorado River and would be
expected to be of a salinity between that observed at Lee’s Ferry, Arizona and Imperial

Dam, and is of a higher quality than that diverted at Imperial Dam.
Diversion

Headgate Rock Dam is the main diversion feature serving CRIR lands located in Arizona.
The structure is located just north of Parker, Arizona and supplies the main canal and
associated laterals. This diversion was first rated by the USGS in 1956. An additional

pumped diversion contributes to the irrigation of lands in Arizona.

Conveyvance and Distribution

The conveyance and distribution of water within CRIR is operated by the BIA and is for
the most part a gravity system. The system has approximately 60 wasteway locations.
Furthermore, 15 wasteways spill into subordinate canals at lower elevations, 3 discharge
into the river, 2 discharged into the drain system and the remaining portion spilled onto
cultivated land. It is believed that the conveyance and drainage system have not changed
appreciably since that time. No record of farm delivery was available from the BIA,

therefore direct determination of conveyance and distribution efficiency was not possible.
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Irrigation and Drainage

The drainage system consists primarily of open drains that are the Main and Mesa drains.
The old slough area is also used to convey drain water to La Paz Lake but according to
Allsop “This practice has seriously hindered the effective lowering of the [water table by
the] Mesa Drain”. The drainage channels are 9 to 14 feet in depth and are spaced % of a

mile. Slopes vary from 0.0003 to 0.0005 feet per foot.

Since the soils of the CRIR irrigation project are generally regarded as well drained, of
higher permeability, and adjacent to the Colorado River, irrigated lands are not normaily
drainage impacted. However, canal waste into the open drain system has been known to
limit drainage efficiency in the project. At the time of Allsop’s investigation there were
five drainage wells in operation, however it is not known whether drainage wells are still

a part of the greater drainage plan for the CRIR irrigation project.
District Water Use Assessment

According to BOR, CRIR reports only flow diverted to the project and not farm headgate
deliveries. Flow records and crop production reporting within the Reservation are the
responsibility of the Bureau of Indian Affairs (BIA), however the BIA could not provide
farm headgétc delivery records. Records available from BIA included only a partial
record of annual crop acreage. Total diversion and return flow records were available
from BOR, from the Compilation of Records in Accordance with Article V of the Decree
of the Supreme Court. These records show the amount of water diverted and consumed,
on which basis it is possible to calculate an expression of overall system efficiency. The
average ten year (1988-1997), overall efficiency estimate for CRIR is 62.2 percent.
Table 19 summarizes the determination of Overall Efficiency for CRIR. Due to the
absence of headgate deliveries, on-farm water use cannot be assessed, since headgate
deliveries are necessary to the separation of water received by the farm field and that lost

due to inefficiencies associated with the conveyance and distribution system.
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Table 1%
Colorado River Indian Reservation - Az 1988 - 1897
Year .
Units 1988 1989 1950 1991 1992 1991 1994 1995 1996 1997 Average

1. Annual Cropped Acreage Aczes 1958 - 1990 no acreage reported 12379 76,406 73,833 B4,055 78,730 78,220 78,382 . 77,429
8. Diversion at Headgate fock Dam Ac-F'Yr 625,105 689,610 656,520 633,520 580,360 603,372 664,550 650,540 701,010 616,180 643,157
4. River Pumps Ac-FtYr 1,187 1,389 5,000 6,000 6,000 - 8,923 13,204 12829 | 15,278 6,981
10, Total Diversion Ac-FuYr 626,292 690,999 571,920 639,520 586,360 603,372 673,473 664,044 713,83¢ 631,658 650,148
L1, Retum Flow Ac-FrYr 256,212 263,146 254,605 248,818 229,024 23147 253,748 38,942 237,501 238,935 245,250
12. Consumptive Use Ac-FtfYr 320,680 427,853 417,225 390,702 352,336 371,893 419,725 425,102 476,338 392,723 404,898

% 59.00% §1.92% 62.00% 61.09% 60.94% 61.64% 62.32% £4.00% 66.73% £2.17% 62.20%

13. Overail Efficiency

Notes: . )
1. Amual epped acreage from U.S. Bureau of Indian Affairs Annual Frigation Report, Colorado River Indian Reservation 1991-1997.

8 - 12, Conpilation of Records in Aecordance with Arniticle ¥, U.S. Bureau of Reclamation.
13. Overall Efficiency is calculated as Toeal Diversion - Returns / Total Diversion,
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PALO VERDE IRRIGATION DISTRICT

The Palo Verde Irrigation District is located in southeastern Riverside County, California
near Blythe, California. The irrigation district is comprised of approximately 120,000
acres of valley and mesa land with an elevation range of 230 to 285 feet above sea level.
The project is located on the west side of the Colorado River and is served by.".the BOR

Palo Verde Diversion Project.
Climate

According to the SCS Soil Survey of Eastern Riverside County, PVID gets almost twice
the annual precipitation as received in IID and the growing season is 23 days shorter.

The specific climate data associated with PVID is as follows:

Annual Precipitation 4.2 inches/year.
Mean Temperature _ 70 degrees F.
Growing Season 277 days.

Specific climate data from the period 1988-1997 were compiled for calculation of
reference crop evapotranspiration (ET,) using the Penman-Monteith method. These data
were compiled from the records of CIMIS climate station # 72 at Palo Verde, California
and are shown in Table 20. This table shows the 10 year average, maximum and
minimum monthly air temperatures, relative humidity, wind speed, solar radiation, and

calculated reference crop evapotranspiration,
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Table 20

Palo Verde Climate Station
Average Monthly Figures

Cimis #72 Palo Verde, California 1988-1997

Air Temperature (F) % Relative Humidity Wind . Rs Rn ETo

Month Max Min Max Min Speed m/s__ (MJiday/m*2) (MJiday/im*2) (mm/day)
Jan 670 367 80.0 33.1 1.8 10.8 3.4 2.1
Feb 73.2 40.6 77.1 298 2.0 14,5 5.7 3.0
Mar 79.4 449 731 23.5 22 201 9.1 4.6
Apr 86.2 51.2 70.2 213 24 25.5 12.3 6.1
May 92.4 58.1 67.5 22.8 2.5 27.9 14.7 7.2
Jun 100.6 65.0 62.3 222 24 293 16.0. 8.3
Jul 105.8 73.8 63.8 291 2.8 27.5 16.2 8.5
" Aug 104.1 74.7 69.3 30.9 2.5 254 13.5 7.6
Sep 100.2 66.7 75.0 282 2.0 221 10.7 6.1
Oct 89.0 53.1 77.3 24.7 1.7 16.8 7.0 4.3
Nov 751 41.5 78.5 259 1.8 128 3.9 2.8
Dec 66.0 34.5 79.1 32.7 1.7 10.4 2.8 1.9
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Soils

Soils of PVID are described in the U. S. Department of Agriculture Soil Survey of The
Palo Verde Area, California 1926, Walter W. Weir and R. Earl Storie, Soils of a Portion
of Palo Verde Vailey, 1947 and U.S. Department of Agriculture, Soil Conservation
Service, Soil Survey of Eastern Riverside County, 1974.. The soils are summarized in
Table 21.

Table 21: Descriptions of Soil Series and Complexes of Soil Series Comprising the Valley Soils
of PVID Based on Descriptions found in 1927 Survey.

a. Carrizo Coarse textured soils in narrow washes from adjacent desert.
b. Imperial Relatively impervious soils to depths of 6 feet.

c. Holtville Relatively impervious surface soils over permeable subsoils.
d. Gila Recently deposited alluvial soils.

e. Meloland Loose, permeable wind modified soils.

f. Rositas Deep, excessively drained sands on old terraces and dunes.

The valley soils of PVID form a mosaic made up of six soil series which are Carrizo,
Imperial, Holtville, Gila, Meloland, and Rositas soils. These are soils that have
developed along the Colorado River as a result of alluvial processes. The valley floor is
about 1 to 3 miles wide, beginning at the Palo Verde Diversion and continuing to the
Imperial County line. Most of the area is only a few feet above the normal water surface
elevation of the river, making irrigated agriculture impractical until the construction of
the levee system and Hoover Dam. The water table is usually about six feet from the
surface. The soils of the Palo Verde Valley are a mix of soils comprising a range of
textures from clay to coarse sand. Permeability of these soils is expected to range
similarly from low to high. The water table of PVID is naturally high, except for
artificial drainage. Before drainage systems were installed, the groundwater table
fluctuated due to variations in river flow. Such a response of groundwater depth to river
flow suggests good overall drainability of district lands. According to Aaron Quist of
Stansworth Agricultural Consulting, located in Blythe, California, PVID soils are

naturally well drained soils but do occasionally exhibit longitudinal streaks of heavy, low
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permeability soil. Also indicated by Mr. Quist was that PVID soils are about one-half the

salinity of IID soils. (Aaron Quist (personal conversation, J uly 2003)).

Crops

A complete history of PVID’s crop reports was obtained for the period of record 1988-
1997, as were total diversion and return flow records. Records of farm headgate
deliveries were not available and according to the BOR, PVID does not provide the
requested annual summaries of crops grown or water conveyed or distributed within the
District.  According to the available crop reports, the maximum, minimum, and average
acreage irrigated by PVID is 115,658 (1989), 82,500 (1993) and 97,129 (1988-1997)
acres of land respectively, including multiple cropping. Table 22 below summarizes the

crops comprising the top ten crops grown over the period of record by acreage.

Of all the crops grown within PVID during 1988-1997, 1.6% were permanent, 11.9%
were garden, and 86.5% were field crops. With regard to salt tolerance of crops, the
following percentages pertain: 0.3% - no category (according to Maas), 1.7% Sensitive,

14.4% Moderately Tolerant, 17.4% Tolerant, and 66.2% Moderately Sensitive.

Table 22: Total Crops and Acreage- Palo Verde Irrigation District, Riverside County, Califomia,

1988-1997
Running
Crop Crop Salt Average % of |[L.1.1. l.l.ul Count
. Type Tolerance Acreage Acres m
%
Alfalfa Field MS 51,161 49.35 49.35 1
Cotton (short) Field T 14,820 14.30 63.65 2
'Wheat Field MT 7,674 7.40 71.05 3
Sudan : Field MT 5,499 5.26 76.31 4
Alfalfa Pasture Field MS 4,299 4.15 80.46 5
Cantaloupes Garden MS 3,768 3.63 84.09 6
Lettuce Garden MS 3,795 3.66 87.09 7
Oats Field MT 2,018 2.08 89.17 8
Citrus Permanent S 1,459 1.41 90.58 9
Bermuda Grass ~ Field T 1,422 1.37 91.95 10
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- Water Supply

PVID is served exclusively by the Colorado River. As with CRIR, the water quality of
irrigation water used by PVID is of a quality between that of the Colorado River at Lee’s

Ferry, Arizona and Imperial Dam.
Diversion

The Palo Verde diversion dam and levee works are located 9 miles northeast of Blythe
and were built by the USBR, although, operation was turned over to PVID in 1957,
Operation and maintenance of the levee system was turned over to the Bureau of Indian
Affairs in 1958 (USBR website 2000). The dam is a semipervious sand, gravel, and
rockfill structure of 1,300 feet in length. The width of the crest is 20 feet and the
maximum height of the dam above the streambed is 46 feet. Upstream and downstream
slopes are 4:1. Diversion of water to PVID is accomplished by means of a diversion dam
that under normal conditions maintains a constant water surface elevation of 283.5 feet
above mean sea level. The diversion capacity is 1,800 cfs which is accommodated by 3-
50 foot bays located on the right abutment. The spillway is also located in the right

abutment,

Convevance and Distribution

The conveyance and distribution systems were built privately. Most lands are irrigated
using surface irrigation methods such as furrow and border strip. The U.S. Bureau of
Reclamation does not receive records of farm deliveries from PVID and therefore direct

estimate of conveyance and distribution efficiency is not possible.
Irrigation and Drainage

The Olive Lake Drain, Anderson Drain, and the Palo Verde Outfall Drain comprise most
all drainage flow from the project back to the Colorado River via the Palo Verde Outfall
Drain. This outfall discharges into an old channel of the Colorado River and then to the
Colorado River at the Cibola Wildlife Refuge. (CRWQCB 2003). The flow of the outfall
in 2002 ranged from 370 cfs to 639 cfs, with an average flow of 524 cfs. However,
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irrigation contributes to shallow groundwater as well as to the iver, As with irrigated
lands of the CRIR irrigation project, PVID lands are not generally considered drainage-
impacted lands. Most fields within PVID are irrigated as dead-level basins of 10 to 20
acres and thus produce no tailwater, as water is impounded on relatively permeable soils
(Aaron Quist (personal conversation, July 2003)). According to CRWQCB, PVID allows .
irrigators to divert surface runoff into drains, however the drains contain mainly
groundwater seepage. This is also the case for the Yuma Irrigation district, where level
basins are small, about 15 to 20 acres in area and are used primarily for production of
crops like lettuce. The Yuma Irrigation District soils have EC. values (electrical
conductivities of the soil extract) of about 1 to 2 dS/m. Irrigation drainage on the Yuma
projects is accomplished by means of shallow groundwater pumping, which is similar to
the system used on WMID. The Yuma projects do not return drainage water to the
Colorado River, but rather it is conveyed from éach district via canal, to the Colorado
River Desalinization Plant, near Mexico, when operational. During times of non-
operation, the drainage water is discharged into the Colorado River near Mexico. -

(Marcos Moore (personal conversation, J uly 2003)).
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PVID WATER USE ASSESSMENT

According to the BOR, PVID reports only the flow diverted to the project and does not
report farm headgate deliveries, it is therefore difficult to review the water use within the
on-farm system. Based on the BORs Compilation of Records in Accordance with Article
V of the Decree of the Supreme Court, it is possible to calculate an expression of overall
system efficiency based on the amount of water diverted and consumed, in contrast to
what is returned to the river as return flow. The estimated of overall efficiency for PVID
is 48 percent. Table 23 summarizes water use and Overall Efficiency for PVID for the
1988-1997 period of record.
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Table 23
Palo Verde Irrigatian District 1988 - 1997
Yoar . .
Units 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Average
1. Annual Cropped Acreage Acres 109,586 115,658 110,658 105,544 103,352 82,500 96,978 105,186 103,726 102,990 103,658
8. Tatal Diversion Ag-FiYy 398,650 035,426 917,480 851,920 768,160 737100 800,370 861,500 453,010 917,520 864,144
9. Retern Flow Ac-Ft'Yr 454,829 483,377 457,865 438 955 433,471 402,633 417,894 435201 459438 495,659 447933
10. Conzumptive Use Ac-Ft'YT 443 821 452,049 459,615 412,945 334,689 334,467 382.4% 426,599 493,572 421,851 416,210
11. Overall Efficiency % 49.39% 48.33% 5G.10% 48 47% 43.57% 45.38% 47.79% 49.50% 51.79% 45.98% 48.03%

Notes:

L. Annual cropped acreage from Pale Yerde Irrigation District Reports 1938-1997,
£ - 10, Compilation of Records in Accordance with Ariticle ¥, U.8. Burean of Reclamation.
11, Overll Efficiency is calculated as Total Diversion - Returns / Totat Dlversion.




WELLTON-MOHAWK IRRIGATION DISTRICT

The Wellton-Mohawk Irrigation District is part of the BOR’s Gila Project which is
divided into the Wellton-Mohawk Division and the Yuma Division. The Wellton
Mohawk Division begins about 12 miles east of the city of Yuma, Arizona and continues
upstream on both sides of the Gila River for about 45 miles. Full development of the
Wellton-Mohawk Division would comprise about 65,000 acres, the lands of which are at
elevations between 150 and 340 feet above sea level. Originally the project was 75,000
acres but was reduced as a result of the Colorado Basin Salinity Control Act of 1974.
The project authorization limits the diversions from the Colorado River to 600,000 acre-
feet annually, which is divided equally between WMID and Yuma Trrigation District.

Power for the project is provided through the Parker Davis transmission system.
Climate

The specific climate data associated with WMID, as characterized in the 1980 SCS Soil

Survey of Yuma-Wellton Area are as follows:

Annual Precipitation 2.9 inches/year.
Mean Temperature 71 degrees F.
Growing Season (32 deg. 9/10 years) 259 days.

Specific climate data from the period 1988-1997 were compiled for calculation of
reference crop evapotranspiration (ET,) using the Penman-Monteith method. These data
were compiled from the records of the AZMET climate station at Yuma Valley, Arizona
and are shown in Table 24. This table shows the 10 year average, maximum and
minimum monthly air temperatures, relative humidity, wind speed, solar radiation, and

calculated reference crop evapotranspiration,
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Table 24

Wellton Mohawk Climate Station
Average Monthly Figures
AZMET Station Yuma Valley, Arizona 1988-1997

Air Temperature (F) % Relative Humidity Wind Rs Rn ETo

Month Max - Min Max - Min Speed mfs  (MJiday/m*2) (MJiday/m*2) (mm/day)
Jan 68.2 42.3 78.9 300 2.8 11.6 3.6 3.2
Feb 74.0 46.0 77.3 25.5 2.7 15.3 5.9 3.9
Mar 79.8 49,2 77.0 21.0 2.5 21.0 8.5 5.3
Apr 86.7 54.2 72.6 16.0 2.6 259 12.7 6.8
May 93.5 60.4 67.3 13.0 2.7 291 14.9 8.3
Jun 102.0 66.5 59.3 10.4 2.5 301 15.4 9.5
Jul 106.0 751 65.3 16.2 26 27.8 15.1 9.6
Aug 105.2 717.7 70.7 216 2.6 258 141 8.0
Sep 101.5 719 716 18.7 24 225 A1.4 7.9
Oct 91.3 60.6 771 17.6 24 18.1 7.3 6.0
Nov 77.0 48.7 76.2 21.8 286 13.2 41 4.2
Dec 67.2 41.3 79.3 29.8 2.6 10.8 3.0 3.0




Soils

As with PVID, the WMID project is comprised of both valley and mesa areas with most
of the irrigated area occupying the valley. The SCS Service Soil Survey of the Yuma-
Wellton area was compiled in 1980 and covers the Wellton-Mohawk Project. These soils
tend to be much coarser than those encountered in IID and are naturally well drained on
the basis of the soil permeability.. However, district drainage has been negatively
impacted by rising water tables resulting from accumulation of irrigation drainage water
within the alluvium underlying many farm fields. The majority of irrigated lands within

the project consist of the following soils as shown in Table 25.

Table 25: Description of Soil Series and Complexes of Soil Series Comprising Irrigated Lands

within WMID.
' Deep, nearly level to gently sloping, well drained and
somewhat excessively drained, silty and sandy soils: on
flood plains, low terraces, and alluvial fans and in
drainageways

a. Indio-Ripley-Lagunita

Deep, nearly level, well drained, loamy soils; on old

b. Dateland-Wellton alluvial fans and high terraces

Deep, nearly level, well drained and excessively drained,
¢. Ligurta-Cristobal-Carrizo gravelly and very gravely soils: on alluvial fans, low
terraces, and flood plains

Deep, nearly level, well drained and somewhat
d. Tremant-Harqua-Rositas excessively drained, gravelly and sandy soils; on terraces,
alluvial fans, and sand dunes

Crops

The records of c.ropping within the WMID are complete in that the District reports
annually to the BOR. The BOR’s Crop Production and Water Utilization Data records
show that WMID irrigates maximum, minimum, and average irrigated acreage of 85,267
(1998), 69,462 (1992), land 80,467 (1989-1997) acres, including multiple cropping.

Table 26 summarizes the top ten crops grown by the district for the pertod of record.
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(—\j Table 26: Top Ten Crops and Acreage- Welton-Mohawk Drigation District, Yuma County,
— Arizona, 1989-1997

Running
Crop Salt Average| %of |L.I1.L.1.1.1
Crop u| Count

Type Tolerance | Acreage | Acres m

%
Alfalfa hay Field MS 18,355 I 22.94 22.94 1
Lettuce Garden MS 17,704 | 22.13 45.07 2
Cotton Lint Field T 14,513 18.14 63.21 3
‘Wheat Field MT 13,067 16.33 79.54 4
other hay Field NA 5,472 6.84 86.38 5
Seed Field (assumed) NA 4,045 5.06 94.11 6
Citrus Permanent S 1,390 1.74 94.96 7
Nuts Permanent . S 745 0.93 95.74 8
Cauliflower Garden MS 683 0.85 96.48 9
||Other Field Field NA 624 0.78 95.74 10

Of all crops grown in within WMID during 1989-1997, 2.7% were permanent, 26.1%
were garden, and 71.2% were field crops. With regard to salt tolerance of crops, the
following percentages pertain, 13.0% - no category (according to Maas), 2.8% Sensitive,
16.5% Moderately Tolerant, 18.5% Tolerant, and 49.2% Moderately Sensitive.

Water Supply

Colorado River water is diverted to WMID from the east abutment of the Imperial Dam
from where it flows through a desilting works and then into the Gila Main Canal. The
Colorado River is the only source of water used by the district. The quality of irrigation
water available to WMID is more deteriorated than that available to CRIR and PVID, but
close to that available to CVWD and IID, the latter of which also receive their water from

Imperial Dam diversions.
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Diversion

The Gila Gravity Main Canal was completed in 1939 and is unlined. The headworks of

the Gila Gravity Main Canal have three sets of outlets, each with three radial gates which

discharge a total of 2,200 cfs into the desilting works. From this point, the canal flows
about 18.5 miles to where WMID takes its share by means of the Wellton-Mohawk
Canal. The remaining portion of the water continues for another two miles to the Yuma

Mesa Pumping Plant, which serves the Yuma Project.

Conveyance and Distribution

The Wellton-Mohawk Canal is approximately 18.5 miles long and has a capacity of
1,300 cfs. This canal was completed in 1951 and has both lined and unlined sections.
There are three pumping plants on the Wellton-Mohawk Canal which have a combined
lift of 170 feet. In addition to the main pumping stations, there are 15 smaller pumping
plants throughout the project. The Wellton-Mohawk Canal bifurcates into the Wellton
Canal and the Mohawk Canal, which are 19.9 miles long and 300 cfs, and 46.8 miles long
and 900 cfs capacity respectively. These canals were completed in 1953 and both are
concrete lined. Other subordinate canals include the Texas Hill Canal and the Dome
Canal. The Texas Hill Canal is 9.8 miles in length with a capacity of 125 cfs and it takes
water from the Mohawk Canal. The Dome Canal is 11 miles in length with a capacity of
220 cfs and it takes water from the Wellton-Mohawk Canal. The Texas Hill Canal was
completed iﬁ 1956 and is concrete lined. The Dome Canal was completed in 1954 and is

concrete lined.
Irrigation and Drainage

Most lands are irrigated using surface irrigation methods such as furrow and border strip.
Historically, farms within WMID relied on pumped shallow groundwater but after years
of farming, these wells became increasingly saline. The Gila Project provided surface
water in 1957 which alleviated these problems but resulted in a high water table. The
problém of high water restricted the rooting depth of crops and was addressed by means

of drainage wells that originally discharged into the Gila River Channel. The Gila River
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is highly diverted upstream and flows only during extreme flood events and does not
normally reach the Colorado River. Discharge of drain water into the Gila River channel
was a limited solution to high water that was also becoming more saline. The Wellton-
Mohawk Conveyance Channel was completed in 1961 to convey saline drain water from
67 drainage wells to the vicinity of the Colorado River. That drain water is now

conveyed via canal to Mexico, thus bypassing the Colorado River.
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WMID WATER USE ASSESSMENT

Records associated with WMID’s water use are complete and according to the BOR
WMID provides a statement of water usage that includes net supply, transportation
losses, municipal/industrial and water delivered to farms. Net supply figures agree with
the numbers reported by the BOR in their Compilation of Records in Accordance with
Article V of the Supreme Court. The combination of these records and the water
utilization data allow for th.c calculation of estimates bf various expfessions of efficiency.
Table 27 summarizes water use and efficiency for WMID for the period 1988-1997. This

table represents a determination of water use on the basis of annual records of acreage,

-diversion, delivery, and crop evapotranspiration. Return flow is reported for WMID.

Drainage water that is collected is routed to Mexico via canal. There are obviously losses
associated with the collection, conveyance and processing of drain water. It is not known
if these losses are reflected in the return flow credited to Wellton Mohawk by BOR. Net

supply figures reported are registered below the diversion within the Gila Gravity Main.

Since retum flows are reported it is possible to make a direct determination of overall
efficiency. The overall efficiency for WMID can be calculated as Total Diversion -
Return - DCM&I / Total Diversion - DCM&I. Additional estimates of overall efficiency
were made on the basis of estimated net irrigation requirement and net supply less
DCM&I. The estimated 10 year average (1988-1997) efficiencies are 67.6, 92.2 and 73.5
percent for overall, conveyance/distribution and on-farm categories. Annual estimated

efficiency values are shown in Table 27.
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Tabie 27
‘Wetlton-Mohawk Irrigation District 1988 - 1997
Year -
Units 133§ 1938 1950 1991 1992 1453 1994 19435 1494 1997 Averge
L. Annual Cropped Acreage . Acres £0,008 75,858 6,284 79,748 24,109 69,462 78 489 32252 83697 54,690 79,480
B. Total Diversion Ac-FtYT 450,720 450,232 453,807 447,309 377,004 299,981 371689 338,701 415,131 415,190 407,385
9. Reture to Colomado River Ac-FYr 138,602 137,024 - 138,170 147,270 117,902 130,354 119,438 141,292 140,710 102,676 130,344
10. Consumptive Use Ac-FYT 321,685 i Wex ] 314,557 299,004 258,399 168,751 251,438 246,554 273,516 311,616 175,728
11. Farmn Headgate Delivery Ac-Fu¥r 386,852 392,182 397,836 409,987 357,440 287348 351,462 372050 391,138 392,345 M358
12. Qverall Efficiency % .44% 0.14% £69.48% 67.00% 68 67% 56.42% 67.80% 61.57% 66.03% 15.22% 6L38%
13. Conv & Dist. Efficiency Yo 85.92% 35.48% §7.88% 91.87% 24.99% S5.07% $4.75% 85934 94.43% 94.70% 92.20%
14. On-Farm Efficiency * 83.15% B2.05% W0 1293% T2.39% 52.73% TL35% 6527% 69.93% 79.42% T3.54%
Notes: :
1. Annual aopped acreage from Bureau of Reclamatioa Crop Production and Water Utilization Data reponts 1938-1997,
%. end 9. from Compilation of Records in A d with Article V., U.S. Burcau of Reclamation 19881557,

1d. Corsemptive Use = {Tota) DHverslon - Retuwrn - DCM&D.

1t. Farm Headgate Delivery from Bureap of Reclamation, Crop Production and Water Utilization Data reports 1988-1997,
12. Overall Efficiency = Net Supply / Total Diversion - DCME&T. X

13, Convéyance and Distribution Efficiency = Farm Hesdgate Delivery / Total Diversion - DCM&L

14, Oup-Farm Efficiency = Overall Efficlency / Conveyanee and Disivibuton Efficiency.
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COACHELLA VALLEY WATER DISTRICT

The Coachella Valley Water District is part of the BOR’s All American Canal Systermn
Project which diverts water from Imperial Dam to IID and to CVWD. This project was
authorized under the Boulder Canyon Project Act of 1928. Water diverted from Imperial
Dam enters the All American Canal that flows west toward the basin of the Salton Sea.
CVWD, like IID does not return unused water to the Colorado River. The use of water
within CVYWD includes agricultural as well as municipal water use, with a significant
amount of water going to playing fields and golf courses. The irrigated lands of CYWD
exist at elevations between 75 feet above and 229 feet below sea level. CVWD provides
water-related services to an area of over 600,000 acres. As part of the contract between
BOR and CVWD, Colorado River water can be used only within an area known as
Improvement District #1 (ID #1), Within the improvement district, surface water is used
conjunctively with groundwater. ‘Outside ID #1, irrigation is accomplished only by

means of groundwater.

According to CVWD, “Improvement District #1 is the area that has been paying taxes
that finance the Coachella Canal. That 85% of farms [within ID #1] are using canal
water and that 15% are using well water. That ID #1 comprises an area of about 78,530
acres of which 58,033 acres are being farmed and that 27,827 acres or 48% of lands use
drip irrigation” (CVWD 1997 Severe Groundwater Overdraft — Possible Strategies and
Opportunities).

Climate

The climate of Coachella Valley at Mecca, as characterized by the SCS Soil Survey of
Coachella Valley Area is described as follows:

Annual Precipitation 3.07 inches/year.
Mean Temperature 71.8 degrees F.

Growing Season (>32 deg. 8/10 years) 293 days.
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Specific climate data from the period 1988-1998 were compiled for calculation of
reference crop evapotranspiration (ETo) using the Penman-Monteith method. These data
were compiled from the records of CIMIS climate station # 50 at Thermal, California and
are shown in Table 28. This table shows the 10 year average, maximum and minimum
monthly air temperatures, relative humidity, wind speed, solar radiation, and calculated

reference crop evapotranspiration.
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Table 28

Coacheilla Valley Climate Station
Average Monthly Figures
Cimis #50 Thermal, Coachella Valley, California 1988-1997

Air Temperature (F} % Relative Humidity

Wind Rs Rn ETo
Maonth Max Min Max Min Speed mis  (MJ/day/m?2) (MJiday/m?*2) (mm/day)
Jan 69.0 40.1 80.1 32.7 1.6 1.1 3.4 2.2
Feb 74.1 44.7 741 29.4 2.0 14.6 56 3.2
Mar 79.4 50.2 71.0 257 2.4 19.9 9.0 4.8
Apr 859 568.7 64.2 219 3.1 246 12.3 7.0
May 91.4 -£63.4 62.3 238 3.5 27.6 14.7 83
Jun 99.2 68.4 60.6 - 220 3.3 29.3 16.0 9.4
Ju! 1032 74.1 62.9 254 2.8 27.2 15.2 9.0
Aug 102.6 74.4 " 63.8 258 2.6 24.7 13.5 8.3
Sep 98.8 68.8 67.9 24.3 2.4 21.5 106 6.9
Oct 89.7 577 69.0 23.9 2.4 17.4 7.0 4.9
Nov 77.4 458 70.5 24.7 1.8 12.9 3.8 3.0
Dec 68.8 38.7 77.3 32.7 1.6 10.4 2.7 2.1




Soils

Areas within CVWD that receive water from the Colorado River are encompassed by
Improvement District #1, other areas are not entitled to_Colorado River water and must
use groundwater exclusively. The dominant soils of Improvement District #1 are quite.
different from those that dominate the irrigated lands of IID, in that the majority of the
sotls of ID #1 are considerably coarser in texture and are easily drained. The soils of ID
#1 occur largely as complexes of specific soil series, the following of which predominate
the irmigated lands of CVWD. According to the SCS, soil complexes consist of areas of
two or more soils, so intermingled or so small in size that they cannot be shown

separately on the soil map. These are summarized below in Table 29.

Table 29: Description of Soil Series and Complexes of Soil Series Comprising Lands within ID

#1 of CVWD
Nearly level to moderately steep, somewhat excessively
a. Carsita-Myoma-Carizo drained or excessively drained sands, fine sands, gravelly
sands, cobbly sands and stony sands on alluvial fans and
valley fill.

: Nearly level to rolling, somewhat excessively drained to
b. Myoma-Indio-Gilman moderately well drained fine sands in dune areas and
loamy fine sands, very fine sandy loams, fine sandy
loams, and silt loams on alluvial fans

Nearly level to rolling, somewhat excessively drained to
c. Gilman-Coachella-Indio moderately well drained fine sands, fine sandy loarus, sikt

loams, loamy fine sands, and very fine sandy loams on
alluvial fans. :

o - Nearly level, somewhat poorly drained to well drained
f. Salton-Indio-Gilman silty clay loams, very fine sandy loams, fine sandy loams,
and siit loams in lacustrine basins.

Each soil series has its own distinguishable characteristics that define it physically and
taxonomically. The permeability, permeability group, and corresponding acreage are
listed in Table 30 for the specific soil series that comprise the soils found within the

Improvement District # | of CVWD.
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C Y Table 30 Acreage of Lands within Improvement District #1 based on Permeability of Limiting Permeability by Soil Type

Acreage Permeability Range Limiting Group
Map Unit Donimate_Sail Minor Description (ac) (Low and High) Permeability Acreage

IeA  Imperial Silty Clay, Wet, 0 to 2 Percent Slopes 15 0.06 0.20 0.06
Sa Salten Fine Sandy Loam 485 0.06 0.20 (.06
Sb Salton Silty Clay Loam 4,565 006 0.20 .06

CoB Chuckawalla Very Gravelly Sandy Clay Loam, 2 to 5 Percent Slape 18 0.06 0.20 0.06 - 5,082
GdA  Gilman Fine Sandy Loam, Mederatly fine substratun, 0 to 2 Percent Slopes 680 0.60 2.00 0.60
GbA  Gilman Fine Sandy Loam, 0 to 2 Percent Slope 10,777 0.60 2.00 0.60
GbB Gilman Fine sandy Loam, 2 to 5 Percent Stope 544 0.60 2.00 0.60
GeA  Gilman Fine Sandy Loan:, Wet, 0 to 2 Percent Slopes 20,750  0.60 2.00 0.60
GeA Gilman 3ilt Loam, € to 2 Percent Slope 1,379 0.60 2.00 0.60
GfA  Gilman 3,204 0.60 2.00 0.60
Ip Indic Fiue sandy Loam 1L3l5  0.60 2.00 0.60
Ir Indio Fine Sandy Loan, wet 5,041 0.60 2.00 0.60
Is Indio Yery Fine Sandy Loam 6,476 0.60 2.00 0.60
It Indio very Bine saudy Loam, wet 18,515  0.60 2.00 0.60
CpA  Coachella Fine Sand, 0 to 2 Percent Slope 7,009  0.60 2.00 0.60
GaB Gilman Loamy fine sand, 0 to 5 Percent Slopes 556 2.00 6.00 2.00
CpB  Coachelia Fine Sand, Hummocky, 2 to § Percent Slope 272 2.00 6.00 2.00

CrA  Coachella fine Sand, Wet, 0 to 2 Percent Slopes 6,005 2,00 6.00 2.00

CsA Coachella Fine Sandy Loam, { to 2 Percent Slope 1,756. 2.00 6.00 2.00 84,279
CdC  Caristas Stony Sand 2 to 9 Percent Slope 9,839  6.00 20.00 6.00
ChC - Caristas Cobbly Sand 2 to 9 Percent Slope 3,032 6.00 20.00 6.00
CkB Caristas Fine Sand, 0 o 5 Percent Slope 422 6.00 20.00 6.00
I MaB Myoma Fing sand, 010 5 Perceut Slopes 18,168 6.00 20.00 - 6.00
MaD Myoma - Fing gand, 5 ko 15 Percent Slopes 8,140 6.00 20.00 6.00
McB Myoma Myoma fine sausd, wet 0 to 5 Percent Slopes 3,700 6.00 20.00 6.00

CceC Carrizo Stony Sand, 2 to 9 Perceut Slope 255 20.00 20.00 20.00 43,555

Total Acres 132,917 132,917




The soils of the total land area within ID #1 of CVWD are characterized by the

permeability groups shown in Table 31,

Table 31: Soils Permeability Groups and Acreage of Lands within ID #1

Permeability Group Acres Percent Represented
High 43,555 32.77%
Medium 84,279 63.41%
Low 5,082 ' 3.82%
Total 132,916 acres 100.0%

It can be seen that medium and high permeability soils predominate Improvement District
#1 of CVWD. This of course has major implications with regard to agricultural and

irrigation practices.
Crops

Predominant crops grown in the Coachella Valley include oranges, lemons, grapefruit,
table grapes, and dates. Row crops include carrots, com, tomatoes, onions, squash, bell

peppers, radishes, and leaf lettuce. Other crops include alfalfa and cotton.

The maximum, minimum, and average irrigated acreage within CVWD is 72,228 (1990),

65,034 (1994), and 69,869 (1989-1997) acres respectively, including multiple cropping.

- Table 32 summarizes the top ten crops, by acreage, grown during the period of record.
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Table 32: Top Ten Crops by Acreage- Coachella Valley County Water District, Riverside
County, California, 1989-1997.

Crop Crop Salt Avera.ge % of Running Count
Type Tolerance { Acreage Acres Sum %
Citrus Permanent S 15,643 223 22.32 1
Grapes Permanent MS 14,843 21.18 43.50 2
Dates | Permanent T 6,201 8.8 52.35 3
Corn Garden | MS 5,050 7.21 59.56 4
Lettuce Garden MS 3,257 4.65 64.21 5
Other Veg NA NA 3,176 4.53 68.74 6
Alfalfa Hay Field MS 2,140 3.05 71.79 7
Sudan Hay Field MT 1,888 2.69 74.48 8
Broccoli b Garden MS 1,831 2.61 77.09 9
Carrots Garden S 1,760 2.51 79.60 10

Of all crops grown within CVWD during 1989-1997, 56.7% were pcrménent, 34.4%
were garden, and 8.9% were field crops. With regard to salt tolerance of crops, the
following percentages pertain: 9.1% - no category (according to Maas), 29.5% Sensitive,
2.7% Moderately Tolerant, 10.2% Tolerant, and 48.5% Moderately Sensitive. NRCE
estimated a leaching requirement of 9.7 percent for CYWD based on the salt tolerance of

the crops listed above and fhe electrical conductivity of water supplied.

It can be seen that CYWD produces more permanent and garden crops than the other
districts presented. These crops have a greater seunsitivity to salt. The dominant types of
crops grown by CVWD generate greater income on a per acre basis than those grown by
IID or the other districts in this comparison. Groundwater quality is likely a factor in
crop selection, since an unknown percentage of the agricultural water supply for CVWD
is derived from groundwater, which is of better quality than the surface water from the
Colorado River. Additionally, the greater permeability of soils within CYWD, allows
more efficient leaching of salts from CVWD fields. Because overall water quality and
favorable drainage conditions allow for the production of higher value crops, the costs

associated with irrigation systems and management employed in the Coachella Valley
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can of course be greater on a per acre basis. This has significant impact on the types of

irrigation systems that can be economically employed.
Water Supply

CVWD’s irrigation system receives its surface water by gravity. Colorado River water is
diverted to CYWD and IID from the west abutment of the Imperial Dam from where it
flows through a desilting works and then into the All American Canal. Prior to the
completion of the Coachella Canal in 1948, Coachella Valley was irrigated exclusively
by means of groundwater wells. After completion of the Coachella Canal, water was
diverted from the All American Canal, which previously served only IID. CVWD
continues to use groundwater for irrigation throughout the greater district and a portion of
the water used for irrigation within ID #1 is groundwater as well. Because CVWD is not
responsible for groundwater supplies, and California does not require annual groundwater
pumpage to be reported, it is difficult to estimate the total groundwater produced and
used within ID #1. Surface water received by the District via Coachella Canal enters a

closed pipeline system that facilitates the flexibility with which water can be supplied.

The quality of irrigation water derived from the Colorado River is similar to 1ID and
WMID and is more deteriorated than that available to CRIR and PVID. Groundwater
quality, as with quantity, within CVWD, is difficult to ascertain but it is most likely better

than the quality of the Colorado River water.
Diversion

The main diversion at Imperial Dam serves the All American Canal from which the
Coachella Canal diverts its water at Drop #1 at a rate of up to 2,500 cfs. The average

diversion available to CVWD, at Drop #1 is 320,443 acre-feet per year.

Convevance and Distribution

From Drop #1, the canal flows 123 miles north-northwest to ID #1. This is the only area
of land authorized to receive Colorado River water. Originally, the first 86 miles of canal

were unlined, but due to extreme losses (about 28%), Congress provided funding for the
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lining of the first 49 miles of the canal as part of the Colorado River Basin Salinity
Control Project in 1974. Presently, all but 32 miles of the canal are lined. Operation of
the Coachella Canal and appurtenant works downstream of station 26404 was transferred
to CVWD in 1949. CVWD’s distribution system was designed and constructed by the
BOR. The system consists of 459 miles of mostly buried, concrete, gravity flow
pipelines and a few small pumping plants to serve lands at higher elevations. Operation
of the distribution system was tuned over to CVWD in 1954. The average efficiency
associated with the CVWD's conveyance and distribution is 89%, for 1988-1997.

Irrigation and Drainage

Most lands within CVWD are irrigated using trickle and micro sprinkler irrigation with

some surface irrigation such as furrow and border strip. The coarse soils of CVWD are

well suited to drip and sprinkler irrigation. These high cost irrigation systems are
justified because of the soils, improved water quality, and the high value associated with
crops grown in CVWD. Drainage within the irrigated portions of Coachella Valley is
largely accomplished by means of tile drains and collector pipes which discharge into the
Salton Sea. It is important to note that because of the high permeability of the CVWD
soils most of the return flow to the Salton Sea cannot be seen or measured. In contrast,
the heavy soils within IID dictate that the return flow is largely via surface drains that can

be seen and measured.
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CVWD WATER USE ASSESSMENT

CVWD provides a statement of water usage to the BOR that includes net supply,
DCM&I, and farm headgate deliveries. Net supply figures agree with the numbers
reported by the BOR in their Compilation of Records in Accordance with Article V of the
Supreme Court. As stated previously, Improvement District #1 uses both Colorado River
Water and Groundwater, though groundwater contributions to irrigation water .supply are
not reported by CVWD. Because estimates of irrigation efficiency require knowledge of
total irrigation water supply, such estimates are sensitive to groundwater contributions.
Various researchers have estimated of groundwater contribution to irrigation of ID #1. It
has been estimated by CVWD that groundwater constitutes 15% of surface water supply,
though this estimate is believed to be less than the actual base on water balance analysis
The basis for this estimation is a document entitled Coachella Valley Water Problem:
Severe Groundwater Overdraft "Possible Strategies and Opportunities: 1997 CVWD.
Table 33 summarizes water use and efficiency estimates for CVWD within ID #1. This
table represents a determination of water use on the basis of annual records of diversion,
deltvery, crop evapotranspiration, estimated leaching requirements, and estimated actual
irrigated acreage. Acreage as reported by BOR is believed to be high, therefore Boyle’s
estimate of approximately 52,000 acres was used across the study period. As with IID,
CVWD generates no return flow to the Colorade River and therefore none is reported.
According to the BOR, the reported net supply figures are representative of flows near

- Drop #1 at mile marker 0.20 on the Coachella Canal.

For CVWD, overall efficiency was estimated on the basis of estimated net irrigation
requirement and net supply less DCM&I. The adjusted estimate of NIR from this
anéllysis, using Boyle’s cropped acreage figures, is about 4.5 acre-feet perl year including
an adjusted leaching requirement 9.7% using Equation 1, stated previously (Rhoades,
1974).

Direct estimates of conveyance and distribution efficiency and on-farm efficiency were
possible for CVWD because of the existence of records specifying farm headgate
deliveries. On the basis of this record and that of net supply it is possible to estimate the

efficiency of the conveyance and distribution system. Annual on-farm efficiency
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determinations were possible by means of relating farm headgate deliveries and estimated
net irrigation water requirements. Average overall, conveyance/distribution, and on-farm
efficiencies are 67.2, 90.3 and 74.5 percent respectively, based on annual estimates for
the years 1988-1997. Annual estimates are listed in Table 33. It is important to note that
the estimate of on-farm efficiency is higher than the 70% figure reported by CVWD.
This indicates that the groundwater contribution to CVWD irritation supply is higher than
the 15% used in this report.
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Waterusecomps xls - Tahke 33
Coachella Valley 1988 - 1997
Year
Units 1988 1989 1590 1591 1332 1953 1994 1995 19%6 1997 Average
1. Apuual Cropped Acreage Actes 52,000 52,000 52,000 52,000 52,000 52,000 53,000 32,000 52,000 52,000 52,000
2. Adjusted ETc . Ac-FrAe 4.7 4.3 4.3 42 42 4.7 4.5 4.6 4.7 4.7 4.5
3. Average Lzaching Requirement % 9.7% 5.7% LM% 9.7% 4.7% e7% 9.7% 7% 9.7% 7% 9.7%
4, Adjusted it Field Requirement Ac-FriAc 52 48 4.8 47 4.7 53 50 51 5% 52 50
5. Adjusted Field Requirement APt 272013 250,100 24881 242,307 244 626 273,588 259,09 267678 269,591 268,689 250,701
6. Effegtive Precipitation Ac-FuYT 12,713 4479 2,798 13,691 23,596 18,03% 139 15000 20,013 6,356 12,438
7. Adjusted Net Irigation Requiremant, incl, 1R, Ac-FrYr 249,301 245621 246,023 229,116 a2ten 255,550 251,957 252618 249,519 261,832 247,263
8. Net Supply {mile post 0.2 off AAC) Ac-FtYT 324712 347269 356,600 37607 294,584 304,172 316,057 31303 112333 318,053 320,443
9. Estimated GW Supply to ID #1 " AcFtYr 48,707 52,090 53,491 46,141 44,189 43626 47408 46,953 ’ 48,350 47,708 45,066
14. Total Water Supply to I #1 AcFiYT 3aLe 159,159 410,100 353,748 338,783 349,798 363,466 159971 70,685 365,761 368,509
11. Farm Headgate Delivery (Colo R. Water ozly) AcFrYr 283,341 303,503 11,491 271,761 258,627 27247 289,548 284,401 289,521 280,560 284,533
12. Tota! Farm Headgate Delivery (SW & GW) Ac-FtYT 332,048 . 355683 354,982 317902 302316 318,100 336,957 131354 EEYS ¥ 3277 332,559
13. Estimated Overll Efficicocy w/ LR % 69.44% 61.50% 38.99% 47 65.24% T3.06% 63.32% T0.18% £7.33% T1.59% £7.24%
4. Estimaied On-Farm Efficicocy w/LR % 78.09% 659.06% 82.41% F207% T259% 20.34% 4774 16.24% TIETH T9.6% T446%
15 Conv.& Dist Efficiency (mile post 0.2) % EB.9I% £3.06% 30.00% 80.87% £9.38% 50.94%% 92.71% 92.05% 91.15% 33.75% 90.28%
Nales:
1. Aooun! cropped adreage based an Boyle report sstimate for 1987,
2. Adjusted ETe, calculated usiog Proman Monteith methed, 2o adjusted nember ing 2 reducton from p izl ETc nd addition to compeosate for evaporation during pre-irrigation {about 2.5 ¥ per crop).
3. Leaching requirement cateulated using Rhoades m:tlmd except for crops ungated using high frequency drip and sprinkler imgation methods.
4. Adjusted Unit Field Raqui inglydes | g fraction,
5. Adjusted Field Requi including lesching fraction,

6. Effective Precipitation based on SC§ msthnd.

7. Ajusicd Net Iigation Requinimnent = Adjusted ETe + Leaching Requirement - Effsctive Precipitation.
§. MNet Supply at Concheila Canal at mile post 0.20 {Scotr Colsion CYWD vie USBR Yuma} fmm Compilation of Records in A d wnh mml: Y. U 5. Bureau DfReclamsnoa 1988-1597.
8, EsnmatodGWSupply:ol‘D#IubasedonCVWDat:meut’lS% 2 : " wakc aft “ 2

10, Sum of 2 and 3 above,

11. Farm Headgate Delivery (Colorado River Water only) Burcay of Reclamation Crop Production pad Water Litilization Data reports 19681997,

12 Total Farm Headpace Detivery (SW & GW) Total of 3 and 5 above.

13, Estimated Overall Efficiency with Leachiog Reguirement is caloulated as Net Lerigation Requleement, including LR/Total Water Supply to ID #).

14 Estimated Oo-Farm Efficicocy with Leachiog Requi is calculated as the MNet Irriga Reguirement, includiog LR/ Tota] Farm Headgate Dellvery (SW & GW}.

15, Conveyance and Distmibution Efficiency is calculated 23 (13 Overal! Efficlency){ 14 Oo-Farm Efficlency).
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CONCLUSION

NRCE's determination of overall, conveyance/distribution, and on-farm efficiencies for
D are based on the water balance presented in the March 2002 report by NRCE. These
efficiency estimates are 74.5, 894 and 83.4 percent respectively. Reference crop
evapotranspiration from the various stations is expected to be relatively close from
location to location, with some variation being represented by a decrease in ET, as one
travels east and up the Colorado River. One can see relatively close agreement between
the CIMIS station representing IID and the one representing CVWD, however, a like
agreement cannot be seen between the Palo Verde station at Palo Verde, California and
the CRIR station at Parker, Arizona, which are near each other. There is indeed a
difference in the computed ET, between the two stations, which indicates a difference in
the manner that CIMIS and AZMET stations collect, process, and use climate data for

evapotranspiration calculations.

Soils within the districts along the Colorado River as well as CVWD predominantly
reflect the formative processes associated with floodplains and the adjacent terraces.
These soils are mostly coarser soils and except for high water tables are not drainage
impacted. WMID has however in the past been impacted by accumulations of saline
shallow groundwater resulting from local irrigation drainage. CYWD soils are generally
high in permeability and have been formed from depositions associated with alluvial fans
and some valley fill. Soils of IID are primarily lake bed soils with some wind and
alluvial depositon and reworking. The majority of irrigated soils in IID are low
permeability soils with high shrink-swell clays that form significant cracking upon

drying.

Irrigation efficiency figures estimated for CVWD are based on an estimated groundwater
contribution to irrigation water supply. The actual number is not known, but by using a
groundwater contribution of 15% of surface water to arrive at total irrigation water
supply yields an on-farm efficiency of 74.5%. This number is higher than the 70% fi gure
reported by CVWD and indicates that more groundwater is used than initially estimated.
Because of this it is reasonable to conclude that total irrigation water supply is greater

and on-farm efficiency is in fact lower. Others have estimated CVWD on-farm
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efficiency to range from 57 to 70%. Boyle (1993) estimated on-farm efficiency to be

57% in the year 1987. An estimated on-farm efficiency of 70% was reported by CVWD

in their 2002 Water Management Plan.

Based on the foregoing information, it can be said:

IID has relatively good irrigation efficiencies.
Water quality available to IID is lower in quality than for other districts.

Soil conditions within 1ID are vastly different due to their lacustrine origin, which

has resulted in soils of low permeability.
Irrigated lands within IID tend to be under-irrigated and under leached.

That drainage water from irrigation districts, other than IID, exist but are not

visible, due to the relatively high permeability of soils found in those districts.

That though 1ID is at the tail end of the Lower Colorado River System, its
drainage water can be claimed and used for other purposes by other water users so

inclined.

IID’s surface irrigation practices have been developed and used which are

consistent with the conditions and crops grown there.
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Attachment 1

Arizona Meteorological Network. (1989-1997). AZMET
Reference Crop Data.




\\_W_F/
IID Monthly ETc (mm) 1 2 3 4 5 6 7 8 9 10 1 12
&6 il 118 1489 134 212 244 276 307 339 370 402
31 29 31 30 31 30 3 k3| 30 31 30 31
‘C__r'cp % Dist Jan88 Feh-88 Mar88 Apr-88 May-88  Jun-88  Ju-88  Aug88 Sep88 Oct-88  MNov-BB  Dec-88
ETa 71 104 165 178 277 278 24 250 203 158 110 ar
*Alfalfa - winter 65 0 0 0 0 G 0 0 0 39 116 93
*Alfalfa 32.02% 0 a7 168 181 280 282 278 254 208 78 0 0
Wheat 12.96% 65 122 200 213 185 o bl Y] 1] 1] o .40
" Sudan 11.81% o] 1] o} 1] 128 244 287 244 197 0 O ¢
* Sugar Beets 6.88% a7 127 202 21 274 144 1] 0 35 1 104 10
Lettuce Late and Early 4.42% 73 I 0 0 0 0 Q. 0 ¢ 72 i15 90
Cantaloupes - Spring 3.00% 17 &0 139 162 237 75 0 0 o] 4] 0 0
Cantaloupes - Falt
*Bermuda, spring (seed) 2.90% ] 0 47 155 263 202 0 o o 0 o 1]
Carrots 273% 76 111 175 B7 0 0 i] 0 1] 56 23 88
*Beaymuda, summer hay 252% 0 o a 1] Q &5 278 262 1 138 Q 4]
Onlans 2.03% 7 112 179 180 254 & 4] 0 o 48 99 a0
Average 18.83% a8 99 159 168 232 148 273 253 182 79 108 84
100.00%
Weighting Factors Jan88  Feb-88 Mar-88  Apr-88  May88  Jun88 Jul-88  Aug-88 Sep88 Ocl-a&\ Moy-88  Dec-88
Alfalfa and Winter Ajfalfa 21 28 54 58 a0 80 89 81 68 ar az a0
Wheat 8 16 26 28 24 4] 0 1] ] o fu] 5
Sodan O -0 ] 0 15 28 k1 28 23 o] 0 ]
Sugar Beets & 9 14 15 19 10 0 o 2 a 7 7
Lettuce Late and Early 3 3 0 0 0 0 0 0 0 3 g 4
Cantaloupes - Spring 1 2 -4 & 7 2 ] 4] u] o] o o
Cantaloupes - Fall . o
“Bermuda, spring {seed) o ] 1 .5 .8 6" o o . @ o o "0
Carrots 2 3 5 2 0 0 0 0 o 2 a 2
*Bermuda, summer hay 0 ¢ 0 0 o 2 7 T 5 3 Q 0
OCnions 2 2 ! 4 5 0 1] o 0 1 2 2
Avefagg 12 15 o ] 44 28 53| 48 31 15 20 16
Sum {mm} 55 a2 . 138 147 211 167 178 164 127 70 74 66
Sum {in} 216 32 5.42 575 B.32 5.58 7.02 5.45 5.00 274 29 280
Annual Totals ID - Year Inches Feet
. 1988 58.2 4.85
1989 60.7 5.06
1890 56.4 470
1994 47.9 309
1992 48.0 4.00
1993 53,1 4.43
1994 545 4.54
1885 55.7 464
1926 89,2 4.93
1997 55.4 4.8
54.8 4.6
1"‘"" - . \_../J
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CRIR Monthly ET¢ {mm) 1 2 1 4 5 ] 7 B -] 10 11 12
Asizona Portion 54 86 118 149 184 212 244 278 307 339 K] 402
EY| 29 3 30 ) 30 3 31 30 31 30 3
Crop {Az.} % Dist  Jan-88 Feb-88 Mar-88 Apr88  May82  JSfun8B Jul-88 Aug-88E  Sep-88  Octas Mov-88  Dec-E8
Eve &1 110 185 195 287 293 314 242 214 165 108 91
*AMallz_winter [:1: 3 0 0 5 0 0 Q 1} 1} a 108 78
“Alfalfa 52.05% 1} 93 187 198 290 297 38 246 297 82 1} Q
Catton {upland and PIMA) 31.19% ] 2 65 7?7 184 286 357 283 207 62 ] Q
Wheat B.87% 75 130 223 233 192 . S0 ¢ 0 0 0 39
Sudan 2.21% 0 [ o 0 123 257 306 226 208 [V} 0 0
Cantaloupes - Spring 1.54% 23 64 155 177 246 76 0 0 0 [+ 1 1}
Cantaloupes - Fall | :
*Bermuda, spring (seed) 0.94% o 0 50 169 273 214 0 L] 0 0 0 ()
Honeydaw 0.74% 1 78 165 208 304 255 a 1] 0 a a 1]
Onions 0.70% 88 119 195 208 263 ;] Q ] ] 50 85 94
*Benmuda, summer hay 0.57% 0 [ ) 1] o 92 315 254 223 144 9 a
Qats and Barley 0.57% 86 130 218 149 13 -0 1} 1] ) o] 15 38
Avaerage 2.62% 59 88 158 177 211 183 az4 255 214 75 73 63
100,00%
Welghting Factors Jan88 Feb-88  Mar-B5  Apr88  May-88  Jun88 Jul-88  Aug-88  Sep-88 Oct-86  MowB8  Deg-BS
*Alfalfa and Winter Alfalfa 36 48 o7 103 151 154 166 128 113 62 SE 41
Cotton (upland and PIMA) [} [} 20 24 57 a3 111 88 BS 19 [V 0
Wheat 5 9 15 16 13 0 0 a a 0 1 3
Sudan a 1 ¢ 1} 3 ] 7 5 5 a o 0
Cantaloupes « Spring 0 1 2 ‘3 4 1 0 0 [} 0 0 [
Cantaloupes - Fall 0 o 0 0 [} [ [+ [ [} 0 0 [
*Barruda, spring (seed} o o 0 2 3 2 o o o 0 0 o
Honeydew () 1 1 2 2 2 0 o 0 0 0 0
Onions 1 1 1 k] 2 Ju] o L] 0 L 4 1
*Bermuda, Suammer hay a 1] 1] 1] 0 4 2 1 1 1 o Q0
Qats and Barlay 0 1 1 1 1] i} 1] a a 4] q o
Average 2 2 4 5 5 5 a 7 & 2 2 z
Suwm {mm) . 44 63 144 156 241 253 204 230 189 84 58 48
Sum {ln) : 1.72 248 5.66 612 S48 998 1158 9.04 7.44 332 282 1.83
Annual Totals CRIR {Az) Year inches Foet

1988 710 592
1989 715 6.46
1950 0.8 i -1-1

1591 71.2 5.93
1992 726 - 605
1983 7.2 543
1994 80.4 870
1985 48 . FOT -
1696 8568 . 714
1897 81.2 6.76

7Tz 64
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PVID Monthly ETe {mm) 1 2 B 4 5 6 7 8 9 16 1 12
56 86 118 148 181 212 244 276 307 339 370 402
3 29 1| 30 31 30 N 3 30 34 30 3
Crop PVID % Dist Jan-88 Feb-838 Mar88 Apr-88 May-88 Jun-88 Jul-83 Atg-88 Sep-88  Oct-B8  Now-88 Dec-88
ﬁo 58 81 141 151 201 197 243 182 159 111 72 55
*Alfalfa - winter inc! 61 74 0 0 0 ] 0 o 0 27 - 76 59
*Alfalfa 49.35% 0 68 143 153 203 200 246 184 161 54 0 ]
Cotten {upland and PIMA) 14.30% 0 1 45 &80 128 178 276 213 152 41 0 8]
Wheat 7.40% 53 25 171 181 135 0 0 o 0 0 0 23
Sudan 526% 0 0 0 o] g1 173 237 177 154 ] 0 ¢
*Perm. Pasture + Mise. 4.15% 0 0 73 140 200 197 243 182 158 90 1] 0
Cantaloupes - Spring 3.68% 17 47 118 137 172 52 0 0 0 0 [ 0
Lettuca Late and Early 3.66% 59 55 ] 0 0 9 ] ¢ 0 81 75 57
*Cltrus 1.59% 40 58 88 106 143 143 180 135 118 83 54 42
Qats and Barley 141% 81 95 166 114 g 0 ] o o 0 10 24
*Bermuda, summer hay 1.37% o -0 0 0 0 62 245 o 166 06 0 0
Average ~ 783% 45 61 n"T 127 135 144 238 181 151 63 a4 41
100.09%
Welghting Factors Jan-88 Feb.88 Mar-BB Apr-88 May-88 Jun-88  Jul-88  Aug-88 Sep88 Dct-88 Nov-88 Dec88
Alfalfa and Winter Alfalfa 30 F] 71 76 100 a9 121 9 79 40 37 25
Cotton (upftand and PIMA) 0 0 7 9 18 26 40 30 22 ] 0 0
Sudan - 4 7 13 13 10 G 1] -0 o 0 0 2
Wheat 0 Q 0 1] 4] 9 12 9 8 0 0 0
*Perm. Pasture + Misc. 0 0 3 6 8 ] 10 B 7 4 0 o
Cantaloupes - Spring 1 2 4 5 8 2 0 o 0 0 0 Q
QOats and Barley 2 2 ] 0 0 0 0 o 0 2 3 2
*Cltrus | : 1 1 .2 2 2 2 3 2 2 1 1 1
Lettuce Late and Early 1 1 2 2 0 ¢ 0 0 ] o 0 0
Average 4 5 9 10 " 1" 19 14 12 5 4 3
BSum {rmm) 42 BA 111 122 161 57 205 156 129 58 45 37
Sum (In} 1.66 47 4.36 4,79 6.38 8.17 B.07 .00 5.00 2.28 1.75 1.45
Annual Totals PVID Year Inches Feet
1988 51.8 4,30
1985 51.5 4,29
1990 58.4 4.86
1984 55.5 4,62
1992 59.8 408
15583 §2.5 5.22
1694 67.3 5.60
1995 E0.5 5.04
1998 56.0 4.92
1997 53.3 4.44
4.8
e |'J
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WMID Monthly ETc {(mm}) 1 2 3 4 5 4] 7 8 2] 10 11 12
56 86 118 149 181 212 244 276 307 339 370 402
3 29 3 30 3 30 H k)| 30 K 30 H
Crop WMID % Dist Jan-88 Feb-88 w#ar-88 Apr-88 May-88  Jun-88  Jul88  Aug-88 Sep-88 (Oct-88  Nov-88  Dec-88
ETo 98 142 193 181 242 252 265 245 - 234 160 105 92
*Alfalfa_winter indl 66 0 ¢ 0 0 0 ¢ 4] D -39 16 93
*Alfalfa 22.94% G 118 195 183 246 256 ° 269 248 237 83 g g
Lettuce Late and Early 22.13% 100 102 0 0 0 0 0 0 0 67 109 94
Cotton {upland and PIMA) 18.14% 0 2 &7 71 154 230 301 286 228 B4 o] o
~ Wheat 16.33% 80 167 233 216 166 0 [ 2 1] o o 0 37
Other Hay (use alfalfa} 6.84% )
Alfalfa_Seed 5.06% 0 118 195 183 248 165 153 120 0 0 1] 4]
*Citrus 1.74% 69 99 135 127 173 183 196 182 174 118 78 6%
*Peach Trees 0.93% ' 54 78 133 158 242 253 256 246 235 181 104 77
Caullftower 0.85% 104 22 o] 0 o 0 0 o 22 112 87 95
*Misc. Field Crops 0.78% 12 75 230 227 151 0 o 0 0 0 0 0
Average N 4.26% 71 87 170 166 197 217 237 216 179 92 99 77
Welghting Factors Jan-88  Feb88 Mar88 Apr-88  May-88 Jun-88  Jul-B8  Aug-B8 Sep88 Oct83 Nov-38  Dec-83
Alfalfa 15.1 27.0 44.8 42.0 56.3 586 61.6 56.9 54.3 27.9 28.7 21.3
Latiuce 224 226 0.0 0.0 o0 0.0 0.0 0.0 .0 14.8 240 20,9
Cotten 0.¢ 0.4 12.2 12.9 28.0 41.7 84.7 51.9 41.0 1.5 0.0 0.0
Wheat 14.7 272 381 382 274 0.0 0.0 0.0 0.0 0.0 2.0 8.0
Cther Hay (use afaifa) 45 8.1 134 12,5 8.8 17.5 18.4 17.0 16.2 8.3 8.0 6.4
Seed (assumed alfalfa seed) 0.0 6.0 98 9.3 12.4 8.4 7.8 8.3 0.0 0.0 0.0 0.0
Citrus 12 1.7 23 2.2 3.0 3.z 3.4 3.2 3.0 21 14 1.2
Nuts {used peach irees) 0.5 0.7 1.2 15 23 ‘2.4 25 23 22 1.5 1.0 0.7
Cauliflower 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 _ 0z 10 a.7 0.8
Other Field 01 0.6 1.8 1.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0 00
Average 3.0 3.7 7.2 71 a4 8.3 10.4 9.2 7.6 a9 4.2 33
Sum {mm) 2.1 98.2 131.0 1245 155.4 1410 158.5 146.4 1246 71.4 660 . 608
Sum {[n} 2.4 39 5.2 4.8 81 55 6.2 5.8 49 2.8 2.6 24
Annual Totals WMID Year Inches Feat
1588 52,7 4,39
1985 56.8 4.74
1950 551 4.60
1991 52.3 438
1992 . 53.3 4.44
1993 57.5 4.80
19594 55.8 468
1995 55.8. 4.85
1896 55,5 4.63
1997 525 4.37
54.8 46
;'.' "'i :
Sm e vy
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CVWD Monthly ET¢ (mim) i 2 .3 4 5 6 7 8 9 10 11 12
55 88 118 149 181 212 244 276 307 339 370 402
31 28 <3| 36 3 30 H 3 30 k1| 30 31
Crop CVWD % Dist _Jan-88  Feb-88 Mar-88 Apr-88 May-88 Jun-88  Jul-88  Aug-88 Sep-88 Oct88 Nov-88 Dec.38
ETo 74 111 172 184 277 2589 275 262 227 148 06 79
Cltrus 22.32% 52 77 120 136 198 211 204 185 169 110 72 59
Grapes 21.18% 26 - 48 107 154 225 232 203 171 128 72 s 25
Dates 8.85% 93 138 215 246 372 405 385 367 311 188 125 100
Cormn 7.21% 0 78 187 241 320 o 0 0 0 0 Q 0
Lettuce Late and Early 4.65% 75. T3 0 0 Y g 0 0 0 61 100 81
Other Veg (Lettuce)} 4.53% 76 79 0 0 0 G 0 0 Q 61 100 81
Alfalfa 3.05% ¢ 9 174 197 281 293 278 266 230 78 0 a
Alfalfa_winter incl 62 0 0 0 ) 0 0 o 4] 3 104 85
Sudan 2.69% 0 0 0 0 123 255 © 288 256 220 0 0 o]
Broccoli 2.61% 78 70 0 0 0 0 0 0 0 83 T3 kil
Carrots 2.51% 78 118 182 73 0 0 0 o 0 49 ‘80 B0
Average 20.40% B8 87 184 174 253 279 268 251 212 ‘83 86 T4
’ 100.00%
Welghting Facters Jan-88  Feb-88 Mar-88  Apr-BB° May-88  Jun-88  Jul88  Aug-88  Sep88 Ccl88  Nov-BB Dec8s
Citrus 11.6 17.3 26.9 30.4 44,1 41,0 455 43.6 3r7 247 16.0 133
Grapes 55 10.3 225 320 47.68 492 429 36.2 274 15.2 80 5.3
Dates 8.2 12.2 19.0 218 33.0 35.8 4.1 324 275 17.5 1.0 89
Cormn 0.0 58 13.5 7.4 231 0.0 0.0 0.0 6.0 0o a.c 0.0
Lettuce 35 k%4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28 46 3.8
Other Veg {Lettuce) 34 38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27 45 a7
Alfalfa 1.9 2.8 53 6.0 8.8 8.9 8.5 8.1 7.0 34 31 2.8
Sudan 00 0.0 0.0 Ry a3 6.9 7.2 8.9 59 0.0 0.0 0.0
Broccoll (2.0 1.8 . 0 0.0 0.0 00 ik 0.0 0.0 2.2 1.9 2.0
Carrots 2.0 3.0 4.6 1.8 0.0 00 0.0 00 0.0 1.2 20 2.0
Average 13.8 178 335 as5 51.7 56.9 54.6 51.2 43.2 16.9 175 15.0
Sum {mm} 51.9 77.8 125.5 144.8 211.3 204.8 192.7 1784 148.5 86.7 68.7 56.5
Sum {in} 20 3.1 49 57 8.3 8.1 7.5 7.0 5.8 34 27 2z
Annual Totals CVWD Year. Inches Feet
1988 60.9 5.08
1989 55.9 456
1990 55.6 4,54
1931 54.2 452
1992 54.7 4.56
1593 61.3 511
1994 58.0 4.83
1895 59.9 4.99.
1996 60.4 5.03
1997 60.2 5.01
4.8




Attachment 2

Bower, C. A. (1989). “Reasonable Water Requirements
for Irrigation, IID and CYWD: Salinity Control and
Irrigation Efficiency Aspects.”
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Attachment 3

Boyle Engineering Corporation (1993). “On-farm
Irrigation Efficiency.” Special Technical Report for
Coachella Valley Water District.
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Attachment 4

Boyle Engineering Corporation. (1993). “On-farm
Irrigation Efficiency.” Special Technical Report for
Imperial Irrigation District.
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Attachment 5

Boyle Engineering Corporation (1990). “Tailwater
Recovery: Demonstration Program Study”. Special
Technical Report to Imperial Irrigation District.
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IMPERIAL IRRIGATION DISTRICT
AVERAGE SOIL SALINITY ACROSS SELECTED LOCATIONS - PUMPBACK SYSTEM #1

NORTHWEST - SITE 1 : - NORTHEAST - SITE 1
EC EC  *8570 '88 EC 188 TQ '99 ' EC EC "85 70 '88 EC 88 To 190
DEPTH | SUMMER SUMMER  PERCENT WINTER  PERCENT DEPTH | SUMMER SUMMER  PERCENT WINTER  PERCENT
(In.) | 1985 1988  INCREASE 1990  INCREASE T ny 1985 1988  INCREASE 1990  INCREASE
6 47 3,1 -34% 2.2 -29% 6 2.9 1.9 -34% 1.6 -16%
12 6.5 33 .a% 3.4 3% 12 42 2.5 “40% 2.1 -16%
2 9.0 4.2 -53% 4.6 10% 2% 5.8 2.5 -57% 3.9 24%
36 9.9 4.2 -58% 5.7 36% 36 6.6 3.7 -44% 4.6 2%
28 9.5 4.6 -52% 5.3 15% 48 B.t 3.5 -57% 4.1 17%
60 9.4 4.5 -52% 5.6 24% _ 60 7.5 4.1 -45% 5.4 32%
AVG 8.2 4.0 . .51% 4.5 12% Ve | s 39 -48% 3.5 15%
/ .
SOUTHWEST = SITE 1 SOUTHEAST « SITE 1
_ EC EC 1857088 EC 88 TO 'S0 EC EC  *85 70 ¢88 EC 83 TO *90
DEPTH SUMMER  SUMMER PERCENT WINTER PERCENT - DEPTH © SUMMER  SUMMER PERCENT: - WINTER PERCERT
{in.) 1985 1988 IRCREASE 1990 IRCREASE . {in.) 1985 1938 INCREASE 1990 INCREASE
6 3.9 1.2 -61% 1.7 2 | 6 1.7 1.3 -24% 1.8 38%
12 35 1.2 -66% 2.1 75% 12 1.7 1.4 -18% 1.9 36%
2 38 1.5 -61% 2.4 60% 24 3.3 2.2 -33% 2.3 5%
3 ) 37 24 -35% 4.9 106% 36 4.3 3.2 -26% 4.1 28%
48 | 53 3.2 -40% " 5.1 5¢% 48 5.5 3.6 -35% 5.0 39%
60 |' 5.8 3.3 -43% 5.7 3% o 80 et 32 -22% 4.6 44X
A6 | Y42 2. ~49% 3.7 715 AVG 3.4 2.5 -28% 3.3 32%

J_AVER!;'GE ELECTRICAL CONDUCTIVITY 1985 TO 1988 PERCENT THCREASE FOR SITE 1

= -46%
AVERAGE ELECTRICAL CONDUCTIVITY 1983 TO 1990 PERCENT INCREASE FOR SITE 1 =  2px
AVERAGE ELECTRICAL CONDUCTIVITY 1985 10 1999 PERCENT INCREASE FOR SITE { =  -31%

ROTE: MEGATIVE VALUES SIGNIFY DECREASES IN THE AVERAGE SOIL. SALINITY.
ECe VALUES (MMHOS/CM) AVERAGED FROM SAMPLES OVER TILE DRAINS,
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Attachment 6

Burt, C. M. (1990). “Efficiency in Irrigation.”
California Polytechnic State University, San Luis
Obispo, California.
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EFFICIENCY IN TRRIGATION

by

_ Charles M. Burt, P.E., Ph.D.
Director, Irrigation Training and Research Center (ITRC)
Cahforma Polytechnic State University (Cal Poly)
San Lms OblSpO, California 93407 -

G ]D- - ) EI - I- Em - .

| 'Agncu]tural irrigation plays a major role in water and power consumpnon in

Cahforma Over 30 million acre-feet (30 MAF) of water are used per year. for

" agnmﬂtural irrigation (Hagan and Davenport, 198 1) Th18 represents 85% of

the diverted or pumped water in the state.

Electricity powers over 90% of the agnmﬂtura] pumps in California (Calif.
DWR, 1984). Apprommately 5 billion kilowatt hours of electricity are used

_a.nnually for pumplng (Kah, et. al, 1983).. These figures do not include the
 pumping reqmrements of the many 1rngatnon districts or Federal and State

canal systems, such as the Cahforma Aqueduct

L Cahforma has a. Iarge diversity of agncultural u'ngatwn systems covenng

over 10-million aéres. Virtually every viable method of 1rngat1on used in the

| world can be found in Cahforma Of the total acreage, 70% ig covered by

"surface" 1mgatlon ‘methods (furrow, border strip, rice, ‘and basm) (Irngatnon
Journal, 1989). The other 30% is irrigated by pressunzed methods (drip and
sprinkler). Pressunzed 1rngated acreage has almost doubled m the last 10

. years in Callforma, a.'lthough total irrigated acreage has shghtly dropped since

A studjfl.l")y the GAO (1976) in 1976 found that the average on-farm irrigation
efﬁcxency in the U.S. is 50%. At first glance, this would appear to mean that
twice as many acres could be farmed if the irrigation efficiency was improved -
to 100%. However, studies in California have indicated that achievable water
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Attachment 7

California Irrigation Management Information
| Systems. (1989-1997). CIMIS Reference Crop Data.
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WD Monthly ETc (mm} 5 6 7 8 9 0 11 12
56 86 118 143 181 22 244 278 307 338 370 402
3 29 3 e 31 o a1 k3 30 1] 30 31
Crop % Dist Jan88 Feb-88 Mar-88 Apr88 May-88  Jun-88 JuI-Bg_ Aug-88 SepB88 Oct88  NovE8  Dec-88
ETo 7 104 165 179 277 278 274 250 203 153 110 a7
*Alfalfa - winter 85 0 Q 0 0 G 4} O a 35 116 93
*Alfalfa 32.02% a 87 168 181 280 282 278 2b4 206 m v] 1]
Wheat 12.95% 65 122 200 213 186 0 o o] 7] Q 4] 40
" Sudan 11.61% o 1] v] o 128 244 267 244 187 1] [ [¢]
Sugar Beets 6.98% 87 127 202 211 274 144 0 0 35 121 104 104
Lettuce Late and Early 4.42% 73 71 o 0 0 0 o 0 v 72 115 80
Cantaloupes - Spring 3.00% 17 60 139 182 237 75 0 0 o o 0 0
Cantaloupes - Fall
*Bermuda, spring {seed) 2.90% 1] 1] 47 186 283 202 7] o] 0 0 1] 1]
Carrots 273% 78 114 175 &7 0 0 i] 1] V] 58 a3 58
*Bermuda, summer hay 2.52% o] 0 0 0 0 86 275 262 n 136 1} ¢
Onlons 2.03% 77 112 178 180 254 & o i} Q 48 13 BQ
Average. 18.83% 66 29 158 168 232 148 273 253 162 79 105 84
10G.00%
Welghting Factors Jan88  Feb-88  Mar-88  Apr88 May-88 Jun88  Jul-88  Aug-88 Sep-E8 Ocr-af; Nov-88  Dec-38
Alfalta and Winter Alfalfa 21 28 C 84 58 ad 90 89 81 66 37 37 30
Wheat 8 16 28 28 24 0 i} 0 0 0 0 5
Sudan 0 0 0 0 15 28 31 28 23 0 o 0
Sugar Beets 6 8 14 15 19 10 o o 2 2 7 7
Lettuce Late and Early 3 3 0 0 0 o 0 0 0 3 5 4
Cantaloupes - Spring 1 2 4 5 7 2 0 0 0 0 0 o
Cantaloupes - Fall : -
*Bermuda, spring {seed) 0 0 1 5 8 B 0 0 0 0 o o
Carrots 2 3 E 2 [+ 1] a o o} 2 a 2
*Bermuda, summer hay 0 o 0 0 0 2 7 7 5 3 0 0
Cnlons 2 2 4 4 5 a o i] 4] 1 2 2
Average 12 15 30 32 44 28 51 48 n 15 20 16
Sum {mm) 85 a2 138 147 211 167 178 84 127 o 74 &5
Sum {in) 216 3.21 5.42 579 g.32 6.58 T.02 £8.45 5.00 274 2 2.60
Annual Totals ID Year Inches Feet
: 1988 58.2 4.85
1989 60.7 5,06
1590 55.4 4,70
1991 47.9 3.9
1992 43.0 4.00
1993 831 4,43
1994 645 - 4.54
1685 55.7 4.84
1886 58.2 14,93
1097 55.4 4.61
549 4.8
_J
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IID Monthly ET¢ (mmy}

13

14

15

18

17

18

19

20 21 22 23 24
434 463 495 526 558 589 621 €53 684 716 47 779
<3 I 28 3 20 3 30 K 31 30 3 30 .

&qp % Dist Jan-88  Feb-88 Mar-880  Apr89 May-88  Jun89  JulB9  Aug-89 Sep89  Ocl-89  Nov-89 Dec89
ETa 74 96 163 208 280 312 3oy 264 225 180 498 68
*Alfalfa - winter 63 0 -0 0 0 ¢ 0 0 o 41 103 72
*Alfalfa 32.02% 0 T4 65 212 234 318 h ! 2687 28 83 Q a
Wheat 12.96% . G8 112 197 )| 194 o a 0 1] 4] 4} az2
Sudan 11.81% 0 Q o] 1] 128 275 298 257 218 i] 0 o
Sugar Beels B8.88% ad 117 200 248 280 167 a] a 44 123 a2 T8
{ettuce Late and Early 4.42% 75 84 0 o 0 o 0 o [t} 75 104 70
Cantaloupes - Spring 3.00% 30 61 142 189 228 28 0 0 o] 0 0 [

Cantaloupes - Fall
*Bermuda, spring (seed) 2,809 0 1] .40 182 2868 223 +] 0 1] o] 0 4]
Carrots 273% Kl 102 173 82 a 1] 4] 1] 1] 61 82 69
*Bermuda, summer hay 2.52% v 0 o i] ol 103 a0 276 234 138 1] o
Onions 2.03% 80 103 176 223 259 14 1] 0 1] 53 87 70
Average 18.83% B9 o 158 188 234 16 307 287 181 82 o3 BS
100,00%

Weighting Factors Jan-88  Feb-89  Mar-89  Apr89  May-89  Jun-89 Jul-88  Aug-89  Sep-89  Ocl89  Now-82 Decs9
Alfaffa and Winter Alfalfa 20 25 53 68 a1 ™ 100 86 73 40 33 23
Wheat a 15 26 33 25 o 1] Q c 0 0 4
Sudan’ o i] o] o 15 32 35 30 25 [} 0 ]
Sugar Beets 6 B 14 17 20 12 o 0 3 g 6 5
Lettuce Late and Early 3 3 o 0 ] 0 4] 0 0 3 4 3
Cantaloupes - Spring 1 2 4 B 7 1 0 c 0 0 D 0

Cantaloupes - Fall

*Bermuda, spring [seed) 0 ] 1 8 8 8 ] v} 0 0 ] i}
Carrots 2 3 5 2 0 . o 0 0 0 2 2 2
*Bermuda, summer hay ] ¢] 1] o] 0 a 8 7 6 3 ] o
Onicns 2 2 4 5 5 o 0 0 0 1 2 +
Average 13 17 28 v 44 ac 58 50 34 15 18 12
Sum {mm}) 56 s 136 173 214 185 200 73 141 73 65 52
Sum (in} 2.22 2594 - 534 6.80 5.43 7.29 7.87 6.80. 5.56 288 © 257 2.03

Annual Totals itD
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CRIR Monthly ETc (rmm) 1 2 3 4 5 & 7 8 9 10 1 12
Arirona Portion - 58 86 118 148 181 212 244 2716 307 339 o 402
i1l 29 3 30 k3] 30 31 3% 30 31 30 3
Crop {Az) % Dist Jan88 Feb-882 Mar83 Apr-88 May-88 Jun-88 Jul-88  Aug-B8  Sep-88  Oct-88  Now.88 Dec-88
ETo 81 110 185 185 287 293 34 242 214 165 108 8t
*AMalfa_winter 68 o 0 o 4] o Q o 0 37 108 7%
*Alfalfa £2.05% 0 93 1a7 1928 280 297 318 246 217 82 0 ¢
Cotton {upland and PIMA} 31.19% 9 2 65 77 184 2e6 357 203 207 62 Q [+
Wheat 5.87% 75 130 223 233 192 s Q ¢ 0 0 0 39
Sudan 2.21% a [+] a o 133 257 05 236 208 a 1] [+]
Cantaloupes - Spring 1.54% 23 64 155 177 248 75 Q o Q ] 0 ¢
Candalouges - Fall
*Bermuda, spring (seed) 0.94% o o 50 169 273 214 o 0 0 o 0 o
Haneydew 0.74% 11 i 185 206 a4 255 L] ] 1] 4] [+] <]
Onlons 0.70% =3 112 158 208 263 ] a [+] a Ed 95 84
*Bermuda, summer hay 0.5T% 0 0 Li] 0 o 92 315 254 223 144 0 0
Qats and Barley 0.57% 85 130 218 148 13 Li} o Q i} v} 15 a9
Avarage 2.62% 59 Ba 158 177 21 183 324 285 214 75 73 63
100.00% .
Weightlng Factors Jan-88  Feb.88  Mar88  AprB8  May8B  Jun-88 Jul-88  Aug-B8  Sep88  Ochk88  Nov88  Dec88
*Alfalfa and Winter Alfalfa 36 48 97 103 151 154 166 128 13 62 56 4t
Cotton fupland and. PINtA) a ¢ 20 24 87 a3 111 88 65 19 4] 0
Wheat 5 g 15 16 13 0 o 1] Q ] a 3
Sudan o o o o a 6. 7 5 5 o [V o
Cantaloupes - Spring ¢ 1 2 8 4 1 O a ¢ Q o [}
Cantaloupas - Fall . 0 0 i o 0 ¢ Q o [+ a ¢ a
*Barmuda, spring (sead) L 1} o 2 3 2 0 o ¢ 1} 3 i}
Honaydow [+ i 1 2 2 2 [+} 0 f ] [+ Q
Onlons 1 1 1 1 2 Q o] o 1] 4] 1 1
*Bermuda, summer hay ] ] a 1] ] 1 2 1 1 1 o o
Oats and Barley Q b 1 1 /] o] Q 1] o] ] 1] o
Average 2 2 4 5 8 5 B 7 [3 2 2 2
Sum {mm) 44 63 144 156 241 253 234 20 189 84 53 46
Sum {ind 172 248 5.66 613 948 9.98 1158 9.04 T.44 332 222 183
Annual Totzls CRIR {Az.} Yaar Inches Feet
1988 71.0 592
1889 il E46
1880 0.9 5.91
1991 712 5.92 h
1892 726 6,05
. 893 7z 643
1994 -804 &8.7¢
1995 B48 7.07
4958 B5.8 714
1997 812 &8.78
w2 6.4
T
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CRIR Monthiy ETc {mm)

13

15

15

1w

18

19

20

21 22 23 24
Arizena Portion 434 462 485 £28 558 588 621 553 684 716 T4T 779
M 2z - 03 <14 31 30 31 3 30 3] 30 N
Crop {Az.) % Dist Jan-89 ' Feb-89 - Mar-89  Apr-89  May-85  Jun88  Jul9S  Aug-89 Sep-BY  Oct83  Now89  DecBS
o "85 122 211 255 268 320 304 274 246 182 122 93
“Alfatfa_winter ay o 0 0 0 o 1] ¢ 1} 36 106 a5
*Alfalfa 52.05% o 100 214 258 292 325 408 278 248 a1 o o
Cotton {uptend and PIMA) 31.19% 0 0 74 a7 182 289 344 320 244 7C 0 0
Whaat 8.87% 78, 142 ) 255 06 202 ] v} 0 0 0 ¢ 43
Sudan 221% 0 0 0 o 124 283 205 267 238 0 ¢ 0
Cantaloupes - Spring 1.54% 36 77 184 23t 238 29 0 0 0 0 o o
Cantaloupes - Fall
*Bermuda, spring (seed) 0.94% o o 53 219 274 23t ¢ o o 0 0 o
Honeydew ) 0.74% 9 86 185 269 308 287 [V 0 0 0 [\ a
Onions 0.70% 92 131 228 2r2 267 15 o 0 ] §2 109 85
‘Bermuda, summest hay 0.57% 0 0 0 o o 105 305 287 256 155 0 o
Oats and Barley 0.57% ag 143 249 207 17 ¢ 0 0 o 1} 19 40
Average 2.62% 65 113 180 232 21 186 313 288 246 a3 78 67
o 100.00% i :
Weighting Factors Jan-83  Feb-83 MarB9  Apr-B9  May-89  Jun-B89 JukB3  AugR9  Sep-B9  Ogl-BS  Mov-Bs  Dec-B9
vAlfalfa and Winter Afalfa 45 52 11 134 152 169 160 144 130 33 &5 46
Cotton {upland and PIMA) o a 23 30 5T a0 107 100 78 22 0 5}
Wheat ) 5 10 18 2 14 o} [ [} [4 0 o a
Sudan 0 0 0 Q 3 [ 7 & 5 0 0 o
Cantaloupas - Spring 1 H 3 4 4 0 o 0 ) 0 0 0
Cantaloupes - Fall | e 0 0 o 0 0 0 0 o [+ 0 0
*Bermuda, spring {seed) LR 0 0 2 K 2 ] ] 0 0 0 0
Honaydaw ) o 1 1 2 -2 2 0 k] 0 ¢ ‘o ]
Onlons 1 1 2 2 2 -0 a 0 0 o H 1
*Bermauda, summar hay o o [+ o 0 1 2 2 1 1 ] 0
Dats and Bartey 1 1 1 1 [} [} a ] 0 [ ] o
Average 2 3 5 6 8 5 8 8 6 2 2 2
Sum {mm) 54 -] 185 202 241 276 284 258 218 " 58 52
Sum {in} 213 270 6.47 7.87 9.50 10,86 $1.18 10.21 a.57 380 2,29 204
Annual Tatals CRIR {Az)
-
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e
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PVID Monthly ETc {mm) 1 2 .3 4 5 & i 8 g 10 11 12
55 86 118 149 181 212 244 276 307 338 K¥{i 402
31 29 k3| 30 3t 30 k| k3| 30 31 30 31
Crop PVID % Dist Jan-88 Feb-88 Mar88 Apr88 May-88 Jun-88  Jul-B8  Awg-88 Sep-88  Oc-88 Nov-88 Dec-88
ETe 58 a1 141 151 201 197 243 182 159 111 72 55
*Alfalfa - winter inc 61 74 0 0 0 0 0 o] 0 27 i 58
*Alfalfa 49.35% 0 88 143 153 203 200 24 184 1684 54 0 a
Cottan {upland and FIMA) 14.30% 0 1 49 60 128 178 276 243 152 K 0 0
Wheat 7.40% 53 a5 1T 184 135 0 0 o 0 0 0 23
Sudan 8.26% 0 0 0 0 a1 173 237 177 154 a 0 0
*Perm. Pasture + Misc. 4.15% 0 [4] 73 140 200 167 243 182 158 a0 a a
Cantaloupes - Spring 3.68% 17 47 118 137 172 52 0 0 o Q0 0 0
Lettues Late and Early 3.66% 54 55 o 0 G 0 0 0 iy 51 75 57
*Citrus 1.59% 40 56 3] 106 143 143 130 135 118 B3 54 42
Qats and Barley 1.41% B1 1] 166 114 g 4] o] a 4] [} 10 24
*Bermuda, summer hay 1.37% 0 0 0 0 0 62 248 194 166 o8 0 0
Average B 7.83% 48 681 117 127 135 144 238 181 151 83 54 41
100.0?%
Welghting Factors Jan-88  Feb-B8  Mar88 Apr-88 May-88 Jun-88 Jul-88  Aug-88  Sep-88  Oct-88 Now88 Dec8s
Alfalfa and Winter Alfalfa 30 TO 71 76 100 2] 121 91 79 40 a7 29
Cotton {upland and PIMA) 0 1] 7 g 18 26 40 30 22 6 0 ]
Sudan 4 7 13 13 10 1] 0 0 0 0 ] 2
Wheat 0 0 o 0 5 g 12 ¢] 8 0 ¢ o
*Perm. Pasture + Misc. 0 o] 3 B 8 8 10 8 7 4 0 0
Cantaloupes - Spring 1 2 4 5 ] 2 Q o 0 0 0 0
Dats and Barley 2 2 0 L 4] G il 1 0 2 3 2
*Citrus 1 1 2 2 2 2 3 2. .2 1 1 1
Lettuce Late and Early 1 1 2 2 Q 0 0 ] 0 a o] +]
Average 4 5 8 10 1 11 19 14 M2 5 4 3
Sum {mm) 42 88 111 122 181 1587 205 155 129 58 45 37
Sum {in) 1.56 3.47 4.35 4.79 68.35 817 8.07 8.09 500 2.28 1.79 1.46
Annual Totals PVID Year - Inches Faet
1888 51.8 4,30
1989 81.5 4.29
1900 §8.4 4.86
1891 55.5 4.82
1992 £9.8 4.08
1993 626 522
1994 B7.3 5.60
1995 60.5 5.04
-1998 590 482
1997 53.3 4.44
4.8
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PVID Monthly ETc {mm) 13 14 15 18 17 18" 19 20 21 22 23

24
434 433 4935 526- 558 589 521 653 G684 716 747 779
3 28 3 . 0 K3 | 30 31 31 K1) 31 30 3%

Crop PVID % Dist Jan-89 . Feb-B9- Mar-89 -Apr-89 May-89 Jun89  JuHB89  Aug89 SepBY Oct-80.  Nov-88  Dec-89
ETo 59 76 141 175 201 241 241 197 136 99 &7 64
*Alfalfa - winter inc! 52 Q -0 0 0 0 ¢ o [v] 29 T 68
*Alfalfa 49.35% 0 63 143 178 204 . 245 244 199 138 48 0 0
Cotton (upland and PIMA) 14.30% 0 Ca 48 67 127 247 273 230. 134 35 ¢ [4]
Wheat T.40% 54 89 170 pal| 141 0 ] o 0 0 ) 30
Sudan 5.26% 0 0 0 ] 88 213 235 192 132 0 0 0
*Perm. Pasture + Misc, 4,15% 0 0 ‘T2 162 201 241 241 108 135 78 0 ]
Cantaloupes - Spring 3.68% 25 48 123 159 164 20 o 0 ¢ 0 0 0
Lettuce Late and Early 3.66% 80 49 ] o] 0 0 0 0 o] 52 - 70 g5
“Citrus - 1.69% 41 53 9 123 143 178 178 148 101 T4 50 48
Qats and Barley 1.41% 62 90 166 140 12 0 0 0 0 4] 10 28
*Bermuda, summer hay 1.37% 0 e 0 [ 0 T8 243 207 142 83 ¢ 4]
Average 7.83% 49 66 117 148 135 170 238 1895 130 57 50 48

100.00%

Welghtlng Factars - Jan-89-  Feb-89  Mar-8%  Apr-89 May-88  Jun-89 Jul-89  Aug-89  Sep-89 Oci89  Nov-89 Dec-89
Alfalfa and Winter Alfalfa ’ i) 3 70 &a 101 121 124 88 68 37 335 33
Cotton (upland and PIMA} 0 0 7 10 18 31 39 v 33 18 5 o 0
Sudan : 4 7 13 15 10 0 [} v} 0. [¢] [+ 2
Wheat 0 0 0 0 & 1 4 12 10 7 0 0 c
*Perm. Pasture + Misc, 0 0 3 7 8 10 10 8 & 3 0 0
Cantaloupes - Spring 1 2 5 g ‘6 1 0 0 v} 0 0 0
Qats and Barley 2 2 ¢ 0 0 0 o 0 0 2 3 2
*Cltrus ) 1 1 2 2 2 3 3 2 2 1 1 1
Lettuce Late and Early i 1 2 2.0 0 0 0 0 o o o
Average 4 5 9 12 1 13 18 15 10 4 4 4
Sum {mm} 38 48 " 141 151 190 203 167 112 53 42 43
Sum (in} - 1.50 1.51 4.36 5.55 6.34 T.47 8.00 6.58 4,39 207 1.67 1.69

Annual Totals PVID




S \\___/
WMID Monthly ETe {mm) 1 2 3 4 5 & 7 8 9 10 11 12
56 88 18 149 181 212 244 276 307 339 K¥ji] 402
3 29 3 30 31 30 31 a1 Kii} 31 30 31
Crop WMID % Dist Jan-88 Feb-88 Mar-88  Apr-88 May-88 Jun88  JulBR  Aug88 Sep88 Oct-88 Nov-83  Dec-88
ETo 8 142 193 181 242 252 265 245 234 160 105 92
*Alfalfa_winter incl 66 0 0 0 0 0 0 0 0 3% 116 93
*Alfalfa 22.94% 0 118 195 183 248 2567 259 248 237 B3 0 0
Lettuce Late and Early 22.13% 100 102 0 0 0 0 0 0 0 87 109 94
Cotton {uptand and PIMA) 18.14% 0 2 67 T4 154 230 304 286 228 64 0 0
Wheat 16.33% 90 167 233 216 166 0 4] 0 o o 4] a7
Other Hay {use alfalfa) 6.84%
Alfalfa_Seed 5.06% 0 118 195 183 245 165 153. 120 0 0 0 o
*Citrus 1.74% 69 99 135 127 173 183 196 182 174 119 78 69
*Peach Trees 0.83% 54 78 133 158 242 253 266 248 235 161 104 7
Cauliflower 0.85% 104 22 0 0 0 0 0 0 22 112 87 95
*Misc, Fleld Craps 0.78% 12 75 230 227 151 0 0 0 [¢] o 0 [H
Average - 4.26% 71 87 1o 166 197 217 237 218 179 a2 a9 7
Weighting Factors Jan88  Feb-88° Mar-88 Apr88 May-88  Jun88  Jul-88  Aug-88 Sep88 Oct-88 Nov-88 Dec-83
Alfalfa 151 2.0 44.8 42.0 56.3 58.8 61.6 55.9 54.3 279 26.7 213
Lettuce 2241 228 0.0 0.0 0.0 0.0 0.0 0.0 0.0 148 240 209
Cotton 0.0 0.4 12.2 12.9 28.0 41.7 54.7 51.9 41.0 11.5 0.0 0.6
Wheat - . 14.7 27.2 38.1 35.2 274 0.0 0.0 0.0 0.0 0.0 00 80
Cther Hay {use alfalfa} 45 8.1 13.4 12.5 168.8 17.5 18.4 17.0 162 8.3 8.0 64
Seed (assumed alfzlia seed) 0.6 6.0 9.8 9.3 12.4 84 7.8 6.1 0.0 0.0 0.0 0.0
Citrus 1.2 1.7 23 2.2 3.0 32 3.4 3.2 3.0 21 1.4 1.2
Nits (used peach trees} 0.5 0.7 1.2 1.5 23 ‘2.4 2.5 2.3 2,2 1.5 1.0 0.7
Cauliflower 0.8 0.2 0.0 0o 0.0 0.0 0.0 0.0 0.2 1.0 0.7 0.8
Cthes Field 0.1 0.6 1.8 1.8 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average 30 3y 72 7.1 8.4 9.3 10.9 92 7.6 3.9 4.2 3.3
Sum {mm) 62.1 98.2 131.0 124.5 155.4 141.0 158.5 146.4 124.6 71.1 66.0 . 6806
Sum {in} 24 3.9 5.2 4.9 6.1 5.5 6.2 5.8 49" 28 26 2.4
Annual Tofals WMID Year Inches Fest
' 1988 527 4.39
1989 56.8 4.74
1990 551 4.80
1991 52.3 4.36
1992 53.3 4.44
1993 57.6 4,80
1994 558 4,85
1955 558 4.65
1956 58.5 4.63
1997 525 4.37
54.8 48
: 4
A, L




WMID Monthly ETe (mm)

13

14

15

15 17 18 19 20 21 22 23 24
434 463 495 526 558 589 621 653 684 716 747 ki)
3t 28 kY] 30 31 30 k3l 31 30 H 30 31
Crop WMID. % Dist Jan-89 Feb-89 Mar89 Apr—S!L May-BS  Jun-89 Jul-89  Aug-B9  Sep-89  Oct-89  Nov-89 Dec-89
ETo 101 112 181 227 283 206 317 263 242 188 130 108
*Alfalfa_winter incl 63 0 0 0 0 ] ] 0 ] 41 103 72
*Alfalfa 22.94% 0_ 93 183 230 253 300 321 267 245 8% 0 0
Lettuce Late and Early 22.13% 103 T 0 0 0 [t} 0 0 o 94 135 111
Cotton {upland and PIMA) 18.14% 0 v 63 87 171 268 359 308 235 68 e 0
Wheat 16.33% 92 132 248 273 186 0 0 0 ¢ 0 0 49
Other Hay {use alfaifa) 6.84%
Alfalfa_Seed 5.06% 0 93 183 230 273 198 183 135 8] 0 0 0
*Citrus 1.74% 70 79 127 158 192 216 235 196 180 138 97 81
*Peach Trees 0.93% 55 g2 123 198 269 298 38 264 243 186 130 a6
Cauliflower - 0.85% 106 ral 0 0 o 0, 0 0 21 130 108 12
*Mise. Fleld Crops 0.78% 1 81 21 286 165 0 o 0 0 0 0 4]
Average 4.26% 72 7 158 208 218 258 283 234 185 106 118 86
Weighting Factors Jan89  Feb-83 Mar89 Apr-89 May-89  Jur89  JuBS  Aug89  Sep-89 . Oct-89  Nov-dS  Dec-86
Alfalfa 14.5 21.4 42.1 528 62,6, 63.9 73.7 61,2 SB.2 299 235 166
Lettuce 227 15.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.8 20.9 246
Cotton 0.0 0.0 115 15.9 31.0 48.7 B5.2 55.9 427 123 0.0 2.0
Whe_ét 15.0 215 387 446 0.3 0.0 0.0 0.0 0.0 oo 0.0 8.0
Other Hay {use alfalfa) 432 6.4 128 15.8 18.7 20.5 220 182 7~ 188 8.9 7.0 5.0
Seed (assumed alfzifa seed) 0.0 47 9.3 1.7 13.8 10.0 9.3 5.8 0.0 0.0 ‘00 0.0
Citrus 1.2 1.4 2.2 28 33 T 38 4,1 3.4 a1 24 1.7 1.4
MNuis (used peach trees) 0.5 0.8 11 1.8 25 2.8 3.0 25 2.3 1.7 1.2 0.8
Caulifiower 0.9 0.2 0.0 0.6 _ 0.0 0.0: 0.0 0.0 0.2 14 0.9 0.0
Other Field 0.1 05 16 22 13 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average 341 a3 8.3 a9 8.3 10.9 121 10.0 79 4.5 4.9 3.7
Sum (mm} 62.4 75.7 1229 156.5 172.8 165.6 189.2 158.0 129.1 816 69.2 61.1
Sum {in} 25 30 48 6.2 88 .65 75 6.2 5.1 32 2.7 2.4

Annual Totals WMID




N e
CVWD Monthly ETc {mm) 1 2 3 4 5 6 7 8 9 10 1 12
56 88 113 149 181 212 244 276 307 339 370 402
31 29 31 a0 ]| 30 31 3 30 N 30 31
Crop CVWD %o Dist _Jan-88  Feb-88 Mar-88  Apr-88  May-88 Jun-83 Ju-88  Aug-88 Sep-BB  OctB28  MNov-8 Dec-88
ETo 74 11 172 164 277 289 275 262 227 148 96 )
Citrus 22.32% 52 t 120 136 198 211 204 195 168 110 72 59
Grapes 21,18% 24 49 107 151 225 232 203 171 128 72 38 25
Dates 8.85% 93 138 215 246 372 405 385 67 3 198 125 100
Corn T.241% o 78 187 244 320 0 ¢ 0 4 0 ¢ 0
Lettuce Late and Early 4.65% ¥ 79 Q Q 0 0 1 ] 0 61 100 81
Other Veg (Lettuce) 4.53% 78 79 o 0 0 0 0 0 0 61 100 81
Alfalfa 3.05% 0 91 174 197 281 293 279 266 230 78 0 i}
Alfalfa_winter incl 62 0 0 0 0 0 0 0 0 34 101 85
Sudan 2.89% 0 0 0 1] 123 255 - 268 256 220 a2 1] 1]
Broceoli 2.61% 78 70 0 i} i] 4] a o ¢} a3 73 77
Camots 2.51% 79 118 182 73 .0 0 0 0 .0 49 80 B0
Average 20,40% 68 ar 164 174 253 279 268 251 212 83 86 74
100.00% .
Welghting Factors Jan-88 Feb-88 Mar88.  Apr-88  May-88  Jun-88  Julk38 Aug-88  Sep-B8  Oct-88  Nov-88 [Dec-88
Citrus 116 17.3 26.9 30.4 44.1 47.0 4535 43.6 ki 247 16.0 13.3
Grapes 55 10.3 228 32,0 47.6 49.2 429 36.2 27.1 15.2 8.0 53
Dates 8.2 12.2 19.0 21.8 3.0 5.8 4.1 32.4 275 17.5 11.0 8.9
Carn 0.0 56 13.5 17.4 23.1 0.0 0.0 G0 0.0 0.0 0.0 0.0
Lettuce s 37 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28 45 kE:|
Qther Veg (Lettuce} 34 36 0.0 0.0 0.0 00 0.0 0.0 0.0 2.7 4.5 37
Alfalfa 1.9 2.8 53 6.0 8.6 8.9 85 8.1 7.0 34 341 26
Sudan 0.0 0.0 0.0 0.0 - 3.3 6.9 7.2 69 59 0.0 0.0 0.0
Broceoli 20 18 0.0 0.0 0.0 00 0.0 0.0 0.0 2.2 1.9 2.0
Carrots 2.0 30 46 1.8 0.0 0.0 0.0 0.0 0.0 1.2 2.0 2.0
Average 13.8 176 335 355 51.7 56.9 548 51.2 43.2 16.9 17.5 15.0
Sum {mm) 51.9 77.8 125.5 144.8 211.3 204.8 82,7 178.4 148.5 86.7 68.7 56.5
Sum {in) 2.0 3.1 4.9 5.7 8.3 8.1 76 7.0 5.8 34 2.7 22
Annual Totals CYWD Year. Inches Feet
1988 £0.9 5.08
1989 55.9 4,66
1830 55.6 4.64
1991 542 4.52
1892 54.7 4.58
1993 61.3 511
1994 58.0 4,83
1995 59.9 499
1998 60.4 - 5.03
1997 60.2 5.01
£8.1 4.8




CVWD Monthly ETe (mm)

13

17

A, da Tl

18 19 20 21 22 23 24
434 453 4485 528 558 589 621 853 684 746 747 773
N I a 30 3 30 a1 K] 30 3 30 31
Crop CVWD % Dist Jan-88°  Feb-88  Mar-89 Apr-88  May-89  Jun-88 JukBY  Aug-89 Sep-89  Oct-89. Nov-88 Dec-BO
ETo 83 - 108 161 197 225 248 243 280 208 152 &5 58
Citrus 22.32% 58 76 113 138 161 181 180 123 156 13 54 42
Grapes 21.18% 29 40. 99 153 183 199 178 168 118 73 34 18
Dates 8.85% 103 - 136 201 250 303 REY 340 383 286 203 11 7
Com 7.21% 0 75 168 244 268 [t} 0 0 ] ] v} 0
Lettuce Late and Early 4,65% 84 71 0 o 0 ¢ a 0 0 70 89 58
Other Veg {L.ettuce) 4.53% 84 7 0 0 0 o] 0 ] 0 70 89 58
Alfalfa - 3.05% 0 90 163 198 228 252 246 283 212 79 o ]
Alfalfa_winter inct 70 ¢ 0 0 0 4] 0 0 1] 39 a0 80 I
Sudan 2.65% a o 1] 0 102 220 237 253 203 0 Q 0
Broccoli 261% as 62 0. 0 ¢ 0 g o ] 83 65 55
Carrots . 251% 8o 118 171 80 [V 0 o 0 0 58 72 &7
Average 20.40% 76 83 153 177 208 240 236 248 195 88 76 52
100.00% - ' :
Weighting Factors Jan-89 - Feb-89 Mar89 Apr-89  MayBS . Jun-89 Jul-89  Aug-880 - Sen89  Qcot-89  Nov-89 Dec-8%
Citrus 12.8 7.0 252 30.8 359 40.3 40.2 43,2 34.7 252 14.2 9.4
Grapes 6.1 10.3 208 az4a 38.7 422 rifr 35.6 2540 15.5 7.1 7
Dates 9.1 12.0 178 221 28.8 0.7 30.1 321 253 1749 o8 6.3
Gorn 0.0 5.5 12.2 17.6 18.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lettuce a9 33 0.0 0.0 o0 0.0 0.0 0.0 0.0 33 4.1 2.7
Other Veg {Lettuce) a8 3.2 0.0 6.0 0.0 0.0 0.0 0.0 X H] 3.2 4.0 28
Alfalfa - 2.1 27 50 6.1 7.0 7.7 7.5 8.0 8.5 3.6 27 1.8
Sudan 0.0 .0 0.0 0.0 28 5.9 6.4 6.8 5.5 0.0 0.0 0.0
Braccali 2.3 1.6 0.0 0.0 0.0 00 - 00 0.0 0.0 22 .7 14
Carrots 2.2 29 4.3 20 0.0 0.0 0.0 0.0 0.0 1.5 1.8 1.4
Average 15.4 6.9 311 36.1 42.3 48,9 48.2 50.8 39.7 17.9 15.6 10,7
Sum {mm) 58.0. 75.8 116.5 147.0 172.8 175.5 1701 176.4. 136.7 90.2 61.1 40,1
Sum (in) 23 30 4.6 5.8 ‘6.8 6.g. 6.7 6.9 5.4 36 24 1.6

Annual Totals CVIWD
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1. INTRODUCTION

The Palo Verde Lagoon and Outfall Drain are located in the Palo Verde Valley which lies in both ‘-%‘j
Riverside and imperial Counties of Califoria. Agriculture in the valley is sustained by irrigation . i
water provided by the Palo Verde Irrigation District (PVID). The valley has a system of

agricultural drains that include a large outfall drain and a lagoon around which the community of

Palo Verde is centered. The Palo Verde Qutfall Drain (PVOD) discharges its waters into the

Colorado River at the Cibola National Wildlife Refuge (CRWQCB 2002, QAPP). Figure 1.1,

shows the entire Palo Verde Valley. Figure1.2 shows the area of the community and the Lagoon,

The State Board's 303(d} list of impaired waterbodies identifies the Palo Verde Qutfail Drain as
water quality limited because pathogen concentrations violate water quality objectives that protect
the following beneficial uses: contact and non-contact water recreation (REC | and REC II); warm
freshwater habitat (WARM); wildlife habitat (WILD); and preservation of rare, threatened, or
endangered species (RARE). . :

The purpose of the Palo Verde Outfalt Drain Pathogen Total Maximum Daily Load (TMDL) is to
protect Palo Verde Outfall Drain beneficial uses by reducing pathogen concentrations in the
water. The Palo Verde Outfall Drain discharges to the Colorado River upstream of the River's
outlet fo the Sea of Cortez in Mexico.

A TMDL is defined as the sum of the individual waste load allocations (WLAs) for point sources of
pollution, plus the sum of the load allocations (LAs) for nonpoint and natural background sources
of pollution, plus a margin of safety (MOS), such that the capacity of the waterbedy to assimilate
pollutant loadings without violating water quality objectives is not exceeded. That is,

TMDL = ZWLA + TLA + MOS

where 2 = sum, WLA = waste load allocation (for point sources), LA = load allocation (for
nonpoint and natural background sources), and MOS = margin of safety.

This TMDL addresses Palo Verde Outfall Drain pathogen impairments, and identifies allowable

-pathogen loads for point and nonpoint sources discharging into the Palo Verde Outfail Drain.

When allowabie loads are achieved, they are expected to eliminate pathogen-caused
impairments. S :

. After examining the potential point and nonpoint source contributions of bacteria to the Palo

Verde OQutfall Drain, modeling scenarios conducted by Teira Tech, Inc. show the majority of
bacteria loading to the Palo Verde Outfall Drain appear to originate from natural background
sources. Assuming a seplic system failure rate of 20% in the model, waterfowl contribute about

'97% of bacteria while septic systems contribute less than one percent. (See discussion on page

32). | .
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he Coachella Valley Water District

(District), located in Southern

_ California, was formed in 1918 under
he California Water Code provisions of the

County Water District Act.

A governing Board of Directors with five
~ glected to four-year terms.

[Nearly 640,000 acres are within the District *
poundaries, mostly in Riverside County bat
ihe District also extends into San Dxeco and -
mpcnal countles. '

Jl'ne District provides six water service
Tategories o

irrigation waltar,

domestic watzar,

stormwater protection,

agricultural drainage,

wastewater reclamation and reuse, and
Waleér conservarion.

frecreation and the generation of energy are
“fncidental benefits of some of the water
ABETViCe activities.

WATER PROBLEM
SEVERE GROUNDWATER OVERDRACT

Vhen the District was formed in 1918 the
Sroundwater table was dropping. Farmers
‘8ie using more water and artesian wells had

inembers representing individual lelSlOﬂh are .
13 years (19635).

| SECTION 1
INTRODUCTION AND SUMMARY

ceased flowing. The District signed its first
contract with the federal government for
Colorado River water supplies in 1919. Water
levels continued to drop (in the lower valley
wells were 40 to 50 feet lower) until Colorado
River deliveries began in 1949. When farmers
converted from wells 1o Colorado River warer
sapplies, the water level recovered within

"~ However, water demands increased in the

: -'[9805 [Q such an-extent that water levels have

“dropped to their Jowest level. As a result, the

District has beuun preparation of a Water

“Management Plan 1o eliminate the
- groundwater overdraft. Sephisticated

' ‘groundwater modeling and analysis is
- curreaily under way to determine the best

groundwater management strategies.

STRATEGIES AND OPPORTUNITIES

* Implementation of water conservation
measures (best management practices,
BMPs) for urban water use, in¢luding

state-of-the-art” outdoor irrigation
iechnology (CIMIS) for golf courses and
other large landscape areas.

® Use recycled water through canal water

- delivery system to avoid capital cost of
constructing new pipeline distribution
sysiems. '

2ACKGROUND BRIEFING ON
OACHELLA VALLEY WATER PROBLEMS

COACHELLA VALLEY
WATER DISTRICT

b b P o A e TR T
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COACHELLA VALLEY WATER MANAGEMENT PLAN
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Coachella Valley Water District

P.O. Box 1058
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Thomas E. L.evy
General Manager-Chief Engi_neer

Steve Robbins
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September 2002
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IMPERIAL IRRIGATION DISTRICT - News Clips

Suzanno Palsloy

Continuous ponding and
shallow aquifer pumping
leaches salts in clay soils

Khaled M. Baii

Mark E. Grismer 2

Poor waler penetration and high
soif salinity can be particularly
detrimental to crop production in
arid regions. In the Imperial Val-
ley, roughly half of the crop acre-
age is planted on clay soils with
very low water infiftration rates,

A 30-year study showed that tradi-
tional subsurface-drainage sys-
tems provide limited control of
soll water content and salinity in
the root zone In clay soils under-
lain by artesian aquifers. in a
more recernt 3-year study at the
UC Desert Research & Extension
Center, a shallow drainage-weli
system lmproved water movement
through the soil profile and was
useful in leaching salts from ciay
sofls only after continuous sur-
face ponding and groundwater
pumping. Continuous ponding for
1 month was sufficient to leach
some of the sait deeper in the
heavy soil.

Water penetration problems are com-
mon on agricultural lands and can be
particularly detrimental to crop pro-
duction in arid regions, where poor
watler penetration results in inad-
equate leaching to control soil salinity
in the root zone. In the Imperial Val-
tey, clay soils with very low water in-
filtration rates occur on roughly half of
the planted acreage. High soil salinity
is often associated with these soils be-
cause water preferentially flows
through cracks that form as the soils
dry, rather than percolating through
the soil and leaching out salts. Exces-
sive soil salinity in these clay fields
limits crop preduction to salt-tolerant
forage and cereal grains, which may
have reduced yields depending on the
prevailing soil salinity in the field at
germination.

We have been investigating the
drainage and leaching process in clay
s0ils of the UC Desert Research & Ex-
tenision Center {DREC) near Holtville
for the past decade, building on work

<4 With continuous ponding for 1 month,

scientists ware able 1o leach salis deeper
in the heavy clay soll at the UC Desert Re-
search & Extension Center.’

conducted by Robinson, Luthin and
others in the previous three decades.
We have found that a shallow artesian
sand aquifer underlying the clay soil
contributes to the relative inefficiency
of tile drainage systems in these soils.
The ineffectiveness of the existing sub-
surface drainage system was demon-
strated when we plugged it in three
different areas of the station and ob-
served little change in soil salinity and
groundwater levels from year to year.

Attempts to address the low perme-
ability and high salinity problems as-
sociated with the clay soils have in-
cluded continuous flooding (ponding)
for periods of days to weeks, intermit-
tent flood irrigations, use of infiltra-
tion water amendments such as gyp-
sum, Wetsol, Spersal and cornbina-
tions thereof and installation of more
aggressive (narrowly spaced) subsur-
face drainage systems. While each ap-
proach may be recommended in par-
ticular settings, each has had limited
success and none has successtully
eliminated the salinity problems of the
clay soils.

The DREC lands are entirely under-
lain by a fine-sand saline aquifer with
a flow gradient toward the Salton Sea
that maintains high soil salinity and
moisture levels in the clay at depths of
3to 5 feet. When Donnan and Blaney
(1954} conducted their original leach-
ing studies, they noted the presence of
this aquifer beneath the “Meloland
Field Station” (as the DREC was called
then, and still is by local residents).
They found that the drainage system
continued to remove considerably
more salt than was initially available
in the soil profile, so that leaching
failed to provide a simple mass bal-
ance of salts. More recent measure-
ments by our group show that the
shallow aquifer is the source of these
excess salts. \

The conventional subsurface drain-
age systems (tiles} have been largely
ineffective in controlling the salinity
problems associated with this shallow
artesian aquifer. In an effort to remedy
this situation, we have installed a shal-
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formance as a success. This year has
been a tremendous learning experi-
ence for water districts and farmers
alike. The drainage incentive fee im-
posed on the Grasslands Area farmers
for the selenium load overage will be
placed in an account. The funds will
be directed to projects that will help
further reduce selenium drainage.

A unique feature of the Grasslands
Bypass Project is the spirit of coopera-
tion between water districts in this
novel program. Rather than attempt-
ing to legally define each water
district’s share of the collective sele-
nium discharge target load, the partici-
pants have chosen to work as one unit
it meeting goals, allowing participat-
ing water districts to strive to imple-
ment best management practices at
their own pace. The advances made in
the past 12 months have been an inten-
sive learning experience for water dis-
tricts and individual growers alike as
they seek ways to develop sustainable
agronomic techniques that meet envi-
ronunental policy goals and water-
quality objectives for the San Joaquin
River.

N.W.T. Quinn is Staff Geological Scien-
tist, Lawrence Berkeley National Laborg-
tery, and Water Resources Engineer, L1.5.
Bureau of Reclamation, Sacramento; j.C.
McGahan is Principal Engineer, Sunimers
Engineering Inc., Hanford; and M.L.
Delatmore is Chief Drainage Section, LLS.
Bureau of Reclamation, Fresno,

Further reading

Quinn NWT. 1995. A compliance monitor-
ing program for use and oparation of the
Grasslands Bypass for drainage conveyance
in the wastern San Joaquin Valley. Lawrance
Berkeley National Laboratory Topical Report,
LLBNL-39052, Berkeley, CA 94720,

Quinn NWT, Chen CW, Grober LF, et al.
1997. Reat-time management of water quality
in the San Joaquin River, Cal Ag 51(5):14-20.

Summers Engineering Inc. 1997, Sum-
mary of Grassland Basin Drainers Drainage
Reduction Activities. Meeting package for
Grasslands Bypass project tour,

USBR. 1986, Proposed monitoring pro-
gram for use and operation of the Grasslands
Bypass te remove agricultural drainage from
Grassland Water District channels. Sacra-
mento, CA.

Subsurface drainage
systems have little impact
on water tables, salinity

of clay soils

Mark E. Grismer o

Subsurface drainage systems are
traditionally installed in agricul-
tural fields to control waterfog-
ging (high water tables) and ex-
cess salinity affecting the crop
root zone. However, in many clay
fields of the Imperial Valley under-
lain by shallow fine-sand aguifers,
the drains may be ineffective and
provide limited relief for the root
Zone. After extensive work con-
sidering soil-water flow paths in a
particular field at the UC Desert
Research and Extension Center
{DREC), we plugged whole-field
drainage systems, then evaluated
the impact on water-table levels
and soil salinity during a 3-year
period. We found thaf the shallow
fine-sand aquifer underlying the
DREC, originally identified in the
19508, combined with the Imperial
Irrigation District deep-ditch sys-
tem, provided sufficient drainage
relief for several areas of the
DREC to successfully grow a vari-
ety of crops. Given the ineffective-
ness of subsurface drainage sys-
tems in three different fields that
had soif characteristics similar to
more than half the Imperial Valley
fields we expect that in many
parts of the vailey, augmentation
of subsurface drainage systems
through “splitting” the laterafl
drainline spacing may not be war-
ranted. Indeed, efforts to reduce
the salinity of heavier soils on the
DREC, or elsewhere in the valley,

18 CALIFOANIA AGRICULTURE, VOLUME 52, NUMBER 5

Khaled M. Bali

may be better directed at Improv-
ing water penetration and leach-
Ing of soils through deep ripping
or other cultivation/mulching
methods, rather than expending
resources on improving the sub-
surface drainage system.

Subsurface draihage systems are tradi-
tionally installed in agricultural fields
to control waterlogging (high water
tables) and excess salinity affecting the
crop root zone. The conceptual basis
for such systems is simply to provide
an artificial “outlet” for the excess wa-
ter and salts in the soil resulting from
regular irrigation (or from rainfall in
humid areas). Although proper identi-
fication of the source of the excess wa-
ter and salinity is important to the de-
sign of these systems, in many arid .
regions that source is assumed to be
{and often is) excess irrigation re-
charge resulting from less-than-perfect
application efficiency and distribution
uniformity. In some cases, however, a
more detailed field investigation may
be appropriate to identify other possible
sources of excess water and salinity.

We have been investigating the per-
formance of subsurface drainage sys-
tems at the UC Desert Reséarch and
Extension Center (DREC) for the past
three decades to detérmine their value
relative to control of shallow ground-
water levels and root-zone soil salinity
{Grismer et al. 1988). In the cracking,
or heavy clay, soils found on the
DREC and in over 40% of the valley,
the drains are relatively ineffective in
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ANNUAL INVENTORY OF AREAS RECEIVING WATER

IMPERIAL IRRIGATION DISTRICT

YEARS 1997, 1956, 1995

| CROP SURVEY
ACRES i ACRES
GARDEN CROPS 1897 199§  4a3s FIELD CROPS 1957 195§ 355
) ARTICHOKE 78 228 378 ALFALFA FLAT 117,388 113429 1adssz2
N ARTICHOKE {SEED) 10 o 0 ALFALFA, ROW 43,584 30,405 i
. BEANS 203 335 51 ALFALFA (SEED} 14,248 11238 {3433
BLACKEYED PEAS 314 a o ALICIA GRASS 1 1 "
8ROCCOoL 6480 8311 5378 ' BAMBOO B1 15 o
BROCCOL! {SEED) 23 207 20 BARLEY 91 58 608
CABBAGE 951 710 757 BERMUDA GRASS 24301 20852 21704
CABBAGE ($EED) 20 0 0 BERMUDA GRASS (SEED} 20613 22636 17854
CABBAGE, CHINESE 5 0 0 BUFFLE GRASS 112 169 184
CARROTS 16,014 15468 14,959 COTTON 3970 4601 8,881
CARROTS (SEED) 5 133 336 DICHONDHA GRASS a 0 "5
CAULIFLOWER 2583 2718 a7 DUNALIELLA, 25 25 25
CAULIFLOWER [SEED) 11 2 30 FIELD CORN 1,881 453 734
CELERY 204 109 94 FLAX 4 a 18
CELERY (S£ED) 32 g 0 GRASS, MIXED 84 29 475
CHICORY ) & [ HEMP ] Q 405
CHINESE GRASS Q 10 25 KENAE 3 15 o
COLLARDS 10 [ Q. KLIEN GRASS 567 452 135
CUCUMBERS o 19. 44 _LEMON GRASS 5 5 79
EAR CORN 5500 4,372 3846 OATS 1,753 1,267 2,053
EGGPLANT 5 70 68 RAPE 778 773 919
ENDIVE 55 & 0 RED BEETS 20 23 13
ENDIVE [SEED) 0 150 0 RICE ¢ 0 10
FLOWERS 125 54 107 RYE GRASS 4,500 2,978 4,685
FLOWERS (SEED) 40 50 49 RYE GRASS [SEED) o 37 a7
GARBANZO BEANS 1,034 1,211 75 SAFFLOWER ¢ 0 74
GARLIC 185 437 335 SESBANIA 322 120 514
HERES, MIXED 17 13 [ SORGHUM GRAIN 258 2,538 20
HERBS, MIXED (SEED) 200 0 0 SORGHUM SILAGE 376 100 517
KALE 54 0 107 SPIRULINA ALGAE 70 70 70
LETTUCE 15971 15299 18,302 SUDAN GRASS B3.562 81,838 77,383
LETTUCE (SEED) 20 0 i SUDAN GRASS {SEED) 310 300 159
LETTUCE, BUTTER 0 o 93 SUGAR BEETS . 39,327 11980  3{e12
LETTUCE, CHINESE 0 q 4 SUGAR CANE : 80 79 * 82
LETTUCE, GREEN X3 70 - 7G WHEAT 90,005 105,513 62,117
- LETTUCE. RED 0 100 262
g \ LETTUCE, ROMAINE 1,508 600 809 TOTAL FIELD CROFS 443,238 446,164 428,492
. LETTUCE, MIXED 2663 2230 2475 . ' '
b MELONS '
x CANTALOUPES, FALL 2138 0 455
CANTALQUPES, SPRING 1387 13337 14478
CRENSHAW, SPRING 15 o a
HOMEYDEW, FALL 180 36 74 ACRES
HONEYDEW, SPRING 6as 682 478 PERMANENT CROPS 1597 189§ 1895
- KAVA - ..20. ¢ .. Q. ASPARAGUS 5,137 4,819 5,365
MIXED, FALL 108 5 ‘o CITRUS : :
MIXED, SPRING 1,087 505 533 GRAPEFRUIT 1,194 1,200 1,157,
WATERMELONS 2419 2822 2519 LEMONS 1,834 1,161 811
WATERMELONS (SEED) 1 a 0 MIXED 274 78 29
MUSTARD 174 122 0. ORANGES 780 €87 667
MUSTARD (SEED) 13 15 17 TANGERINES €62 852 652
QKRA a1 98 7 DATES - 82 a2z 42
OKRA (SEED} 44 0 0 DUCK PONOS (FEED) 8.aa7 8,798 7.994
CNIONS 10178 13324 11258 EUCALYPTUS 14 14 15
ONIONS (SEED) 3,573 1,882 1317 FISH FARMS 1,283 1,373 1,173
PARSLEY 2 0 0 FRUIT, MIXED 10 10 10
PARSNIPS - 42 o 50 GUAR BEANS 104 278 20
PEAS 0 o 18 JOJOBA 202 400 1,943
PEAS (SEED) 7 7T 0 MANGOS 150 150 150
PEPPERS, BELL 459 568 642 NURSERY 24 24 24
PEPPERS, HOT 56 3% 251 ORNAMENTAL TREES 15 5 5
POTATQES 2,784 2,538 1,923 PALMS . 78 B4 B84
RADISHES a7 146 73 PASTURE, PERMANENT 722 596 728
RADISHES {SEED) 8 0 18 FPEACHES 2 2 as
RAPINI 722 T4 144 PECANS 17 27 27
RHUBARE 0 1g 10
RUTABAGAS | 0 0 TOTAL PERMANENT CROPS 21,605 20,428 20,891
SAINACH 648 372 345
SPINACH, CHINESE 0 22 a T
SQUASH 150 . 59 223 TQTAL ACRES OF GROPS 864,573 550,450 533,504
SQUASH (SEED) 9 0 12
SWEET BASIL 150 120 o
~... SWISS CHARD 40 a 0
p TOMATOES, FALL 22 o 149
/ TOMATOES, SPRING B4) 2,022 1,838
=" TuRNIPS arn 193 198
VEGETABLES, MIXED 1,751 803 yga3
VEGETABLES, MIXED (SEED} 15 13 12
114 §0
YATSRULES = NOTE: CROPS ARE LISTED FQR THE YEAR IN WHICH THEY
TOTAL GARDEN CROPS 95,010 93,868 90,121 ARE PREDOMINATELY HARVESTED.
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Beans

Blackeyed Peas

Broceall

Broccoli {Seed)

Cabbage

Cabbage, Chinese

Carrols

Carrots {(Seed)

Cauliflower

Cauliflower {Seed)

Celery

Chickory

Chinese Grass

Cucumbers

Ear Corn

Eggplant

Flowears

Flowers (Seed)

Garlic '

Harbs, Mixed

Harbs, Mixed (Seed)

Lettuce )

Lettuce, Butter

Lettuce, Chinese

Lettuce, Romaine

Leftuce (Red)

Meaions §
Cantaloupes, Fall
Cantalouges, Spring
Casaba, Fall
Casaba, Spring
Crenshaw, Fall
Crenshaw, Spring
Honeydaw, Fall

" Hohéydew, Spring™

Mixed, Fall
Mixed, Spring
Watermelons
Watermelons (Seed)
Kale ‘
Mustard
Mustard (Seed)
Okra -
Okra (Seed)
Onions
Onions (Seed)
Parsley
Parsnips
Peas
Peppers, Bell
Peppers, Hot
Peppers, Sweet
Potatoes
Radishes
Radish (Seed)
Rapini
Rutabagas
Spinach
Spinach, Chinese
Squash

. Squash (Seed)

“Swiss Chard (Seed)
Tomatoes, Fall
Tomatoes, Spring
Tutnips

Vegelables

Vegetables, Mixed {(Seed}

M LI N
N INY N
YEARS 1994, 1993, 1992
1LCROP SURVEY
ACRES
1994 1993 1842
s
3 0 0 Water Lilles
57 0 0
6,406 6,406 8,889 Total
91 10 33
1,483 1,483 1011 FIELO CROPS
a5 28 66 Alfalfa
16,312 16,312 15,557 Alfalfa (Seed)
76 93 117 Alicia Grass
3,755 3,755 6,237 Barley
105 9 51 - Bermuda Grass
58 67 628 Bermmuda Grass (Seed)
35 3 ¢ Buffle Grass :
25 3 0 ‘Canold
12 0 11 Cotton
4,491 2,879 3,830 Durnaliella
: 5 5 30 Field Corn
25 25 42 Flax
B1 128 195 Grass, Mixed
457 as 414 Kenaf '
o 123 133 Klein Grass
0 21 59 Qats
17,288 20,705 21,686 Rape
3,757 120 ~ 120 Red Beals
4 25 25 Rice
832 533 1,024 Rye Grass
262 104 104 Rye Grass {Seed)
_ Safflowar
246 525 262 - Sasbania
14,093 13,057 12,042 Sesbania (Seed)
0 4] 73 Sorghum Graln
0 o 32 Sorghum Sileage
o 0 2 Soy Beans |
0 58 38 Spirulina Algae
203 0 140 Sudan Grass
579 ‘335 - g2 Sudan Grass (Seed)
233 79 0. Sugar Bests
530° 225 67 Sugarcane
3,498 2,596 2,485 - Wheat
78 &) 0
245 214 182 Totai
7 -0 12
0 43 0 R
42 112 o Artichake
63 3 ) Asparagus
12,004 10,767 10,126 Citrus
1,829 2,315 2,790 Grapefruit
o1 75 0 Lemons
144 107 50 Mixad
2 Cranges
588 332 352 Tangerings
N 7t 27 Dates
1 20 5 Duck Ponds (Feed)
1,304 970 604 Eucalyplus
k1] 82 49 Fish Farms
13 Fruit, Mixed
546 589 520 Jojoba
1 10 12 Mangos
366 451 169 Nursery
22 40 4] Ornamentat Trees
220 102 187 Paims
0 16 0 Pasture, Permanent
o 16 0 Peaches
0 958 ¢ Pecans
3,486 1,892 3,483
238 179 188 Total
2,134 2,059 1,178
12 0 ] Total Acres of Crops

ACRES
1994 1993 1992
124 - 104 0 |
98,714 2,736 95,638
188,309 182,910 186,205
8,675 7.549 7.0489
1 1 71
239 182 92
17,056 17,367 15,359
17,535 2,494 19,098
283 525 0
408 .
6,891 7,255 4227
25 25 25
405 477 178
13 121 v}
28 30 14
0 1] 80
135
1,539 1,262 1,881
150 45 Q
38 69 o
10 i0 0
5,867 6,227 9,591
0 {62 162
80 942 0
2586 47 110
4] 106 {190
113 aa [51:1
388 314 176
80 .
20 20 . 20
78,878 57,850 - 53,352
266 273 - 72
34,802 41,492 39,703
12 18 o
58,247 ‘59,283 69,180
418,749 405,554 407,033
60 563 560
6,136 6,111 6,466
1,078 1,038 920
799 789 891
29 28 33
632 632 525
625 526 440
42 42 18
8,070 8,243 8,244
15 23 17
1,173 1,175 903
10 15 165
2,017 2,017 2,117
150 150 0
24 24 24
5 5 0
a9 [512] 69
798 895 610
145 229 188
27 27 27
22,204 22,500 22,027
539,667 519,790 524718
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ABSTRACT

Salt balance (58 = Vean' C..".'. = intoe Contn} ofthe lmpcml VIJ-
Yey (EV) has been determined annusily since 1943 by the Imperial Irri-
gation District. Salinily trends in the valley are assessed from biweekly

inf.w, and effluent, efT.w, waters. In this paper we summarize the $B
datz, evaluste their ugmﬁnm. and sug;cn :pproxhu for assesying
salisity trends In the soils of the vauey., o '
The SB dita refiected the cropping and nttr use patum ia the
~ vulley. However, the data were insufficdent to distinguish ocigin of
watcr and- sall in effGent waters' o¢ to provide information about
changes in oot zome salinjty. In 1973 total evapounnspiration (ET) by
crops il the vailey was estimated fo be 229 X 10° ha-is1, equivalent o
70% of the water delivered to the farmers. Deductions as 16 CI°_com-
position of [nfluent and eMuent during 1973 sugrest that the C1° load
In the efAuent water was contributed as follows: 54.7% from ground
.. Yreler, 35,0% from root zane dnlmgc Wltﬂ'. lnd 103% from tail
" water (runoff).”
A more definitive inlerpretation of the salf balanee data would

.0 usd waters.and volume end concentration of roat zone percolate. {f this
' . . information ceannot be obtained on a vallcy-wide basis, then an alter-
< pative wppromch & to establish & representative pumber of soil salinity
2T mondlocing plou lhmrgh l.he nllry md us-cn Umr rool 200¢ sajinity
S penod:c:lly.
|
|

Aidmona.l htdu H’nrdx Influent weler, emuent '\‘tltl'. ool 2o

salinily, ground water salinily, surface run-off, <

SALT BALANCE was d:ﬁncd by Scoficid (129 ds “the rela-

. wJtion bct“ een the” quanur.y ofdlssn!vcd salts delivered 10
. 3 an lrngar.cd area w:th Ahe trrigation walcr and the quantity

-removed from the area by the, dramagc \ulcr Thc relation

i< was cxprcsscd as:
o saIt output (V.u o X C.m) ~ salt input (V,,,,,, R Clatw)
- _‘i ='salt ba]ancc (8B} :

where V,pe and V|,,',',,, are the volumcs'of; effluent (drain-
age}and influent (irrigation) waier, and Cii L and €y . are
the seluble salt concentration in effiuent and influent water,
respectively. Sometimes (he sail balance is reported as the

ratio of outpui to input salts. which is referred 1o as the salt-

balance index (13). Scoficid (12} acknow ledgéd the limita-

tions of the SB cencept: since the drainage outpul “*may be

-~ in error by the amount of quanuties (of salt) absorbed (by
©* the plamt), precipitated. or decomposed’”, Similarly, **out-
flowing drainage water may. represent largely warter dis-

AN

'Conmibution from the Western Regiem, USDA ARS. Recerved 9 Jung
1975, Appraved 9 Oct.’ 975,

S0l Scicnusu, Imperaal Vallc\ Conserv, Res. Cur. Brawley, CA
92227, and U.S. Salmity Lab., Riverude. CA 92507

mexsurements of the volume, ¥, and mctnmuon. C, of influent, .

- require more scourate evaluation of volume of tail and consumptive

3

i9

Salt and Water Balance in Imperial Valley, California’

M. T. KapDaH AND J. D. RHOADES?

placed from the subsoif reservoir. and under these condi-
tions there may long coptinue for the area 2s a whole a
favorable salt balance, and yet with inadequate oot zone
!eachlng there may be progrcsswc and harmful accumula-
tion of salts in the root zone ™', In spité of these limitations
salt balance calculations are frcqucnl[y advocated for in-
dicating the wends in salinity in trrigated projects (1, 13).
Since 1943, the Imperial Imigation District (11D) has pub-
lished annual SB reports following the procedures
suggested by Scofield (11,.12). From 1953 through 1958,
the SB repors included only the toial salts. Since 1959, the

anion and cation content of the u-r:gaucm and drainage

waters havc also been included. |

This paper summarizes and evaluates the SB reports of
the Imperiai Valley District in the light of present knowl-
edge of the soi] properties cf the valiey, soil salinity. and
e::usung walcr managcm:nt pracuccs. o .

PHYSIOGRAPHY SOI}' PROPER’I’IES AND
- IRRIGATION AND DRAINAGE SYSTEMS
; OF. IMPERIAL_VALLEY

The Irnpcnal Valley is in'eztreme’ Southern Cilifornia and oc-
cupiés most of the northern arm of the Colorado River Delua. ltex-
tends for about 64 km (40 mile: along the USA-Mezico Interra-
tional ‘boundary on the south, where' the. elevat:on is about sea
level, 1o the smth:m end of the Salton S:a on ‘the noth where the
2 i 1. The valley is

_ roughfy bowI-shapcd wuhafallrangmg fr_cu 0. 19-0.75% toward
the cenier and in the direction of - the: Sali ex. Irtigation was
_ begun in the: valley it 1901 by importing. Coloradd River water:
before that the valley was a desent; The irrigaied a€a in the valley

compnises aboui 178 000 ha(440. 000 acres); and is ‘tom 2510 48

km (16-30 miles) wide in the cagt-west | irection {Fig. 1).

The 'soils ‘of the valiéy hive been deposited under lacustrine,
scm:lacusumc. and déltaic __ndumn within ¢ valley and allu-
vial fan (ormatigns at 1he outer margifis of the vailey. They are

. hlghly smuﬁcd Em:sols "and are divided into e:ghl soil serics ac-
curdmg 1o the téxture of the main soil section (25100 cm depth).

- Soils havlng conirol sections of (i) clay and silty cliy—Imperial

soil series: (ii) silty clay loams., clay loams and sandy clay loams—

"Glenbar series: (iif) silt foams, loams, and very fine sandy loams—

Indio series: {iv) fine sandy loams and loamy fine sands—Anthe

sexies; and {v} fine sands—Raositas series. Three soil series ¢on-

tdins fwo major srata of contrasting exmures, Soils with fine tex-
turcs such as silty clay overlying loamy lexiures, such as sandy
and silt loam fall in1o the Holtville serics. Soils: with an inverse
siratification of coarse loamy over fine testures belong 10 the

Meloland senes. Local overwash ‘of sand or g:a\:[ly sand un-

derlain by clay textures is called the Niland series. The Imperia.

series belong to the. Typlr.' Torrifluvent Subgroup, the Rositas
serics bclong 19 the Typic Tocripsamment Subgroup, and the rer
of the series belong ‘1o 1he Typic Tormfluvent Subgroup. The

acreagé percentages of the varipus scrics in the imigaled lund 0

Impenal Vallev arc esnmated a3 ad_ Imperal;, 15, Ulenbart 13

Holtville: 8. Meioland: 8. Antho; 6. [ndio: 2. Nifand: and 2 ROSI

tas,
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' The v:llcy is mlcrsccted by an :Iaborztc system of distributary
camals and open’drains consthicted and mainained by the 1ID.
_ 'IT‘:“: canals and drains are generally 0.8 km (0.5 miles) 2pant.

l\

" River at the Imperial Dam provides all the' water needed for i frriga-
tion and dorhestic purposes.. Three branches of the All American
Canal—FEast Highlinc, Central Main, and West Highline—feed
thc’g imigation sys:cm r.hrough drs:nbumy canals that
en drains.”
rovide outlets I"or sitrface and subsurface

\ for some drains |
| irccily, the open draing discharge into the Alamo
and New nvcrs‘ which in ern discharge by gravity-flow into the
Sa.rlnn Se3. Open drain’constniction began abotit 1921 to afteviate
the waterloeging and salimily problems that had developed in the
. vallev7The svstem was oniv panially successful and the need for
. moré’Aeld subsurface drains became Urgent. Farmers bega to in-
" stall 1il€ drains on their Jand a5 early as 1548, Now about 156,000
. ha (385 000 acres} or about BE% of the imigated area in the valley
has  plastic tube Substrfacé drains installed I.5-1.8 m(5-6
. feet) deep at spacings of '15-75'm (50-250 fest). .
; [ . Intensive soil’ warer table investigations ‘were staried in 1920
o “hc :h: llD: sul!’cd obscrvauon wel[s n'i roughly a 1.609-km (I-
) :le} gnd over most of the lmgatcd area. Obscrvations were made
Al uc ucll every 4 months. Foi years 940 and 1943 the Sept.
teadings’ shoacd the followmg dlsmbunon of water tab[c depths

(3) )
R T I Pcrctnuges
Tt Dépthiemc o o Tt v 144l 1943
B YLV T 30.0
C18G2240 - o o ot 2068 8.9 .
: -35.8° - 4L

+ below 240" -

: )J "The. rcadings of the wells have been taken p:riodicaily three

times 2 year since 1943 but no analyses or summaries of the data
" afe available. However, general observations indicate that the per-
" centages of areds with water tables ar the 0~ 180 cm depth tends 10
decrease: graduall) as- more areas. arc provided with subsurface
-:bc dratn- :md concrete-tined 1mgaucn ditches.

i* American Canal. wfm:h diverts wal:r from the Colorado”

c.norrh that discharge ..

TR vy b

| WATER AND SALT BALANCE MEASUREMENTS

“The 11D mcasures the amounts of water and salt. and the com- (

position of the sali load {i) entering the valley from the All Ameri-

can Canal and from the: Alamo and the New rivers at the USA.
Mexica border and (ii) Ieavmg the vailey.into the Sallon Sea from,
the: Alamo and- New rivers.: They also measure. the amounu of
waler d:scharged directly from northern.open drains into the Saiton
Sea; concentration of salts in these latter drains is taken as the
average of the concchiration in the Alamo and New rivers. Un-
derground walers entering the south or. from castern and western
borders of IJ'u:  valley are not measured for any salt balance calcula-
tions.

Water samples are analyzed weekly for rotal dissolved solids
(TDS). . Before 1970, TDS, were determined by. evaporation and
drying to ednstant wclght at JOSC, Since 1970, TDS have been de-
termined by evapofation and drying to constant weight st 180C.
Sampl:; are analyzed biweekly for HCO;, CI; $O,; Ca, ano Mg.
These ions have been determined as follows: HCO3, tiration with
0.05N H,S0, to methyl orange end point: Q70 titration with
AgNO, (Mohr's method); C.'a. precipiation as oxalate and titration
with KMnO,; $O,. precipitation and weighing BaSQ,; Mg precipi-
~ tation as MgNH,PO, and weighing as Mg,P,O;. Sodium and K are .
estimated by the difference between the sum {in meq) of HUG,,
Cl, and SO, anions and the sum of Ca and Mg cations, Because K
is generally < 5% of Na; a value of Na+ K has been used as a
musurc of Na.~ . o

RESULTS AND DISCUSSION -

Wster Balancr )

A water ba]ancc for the Imperial Valley may be calcu.
lated according to the relation: -

Input = output = change in soil nnd ground water storage £

Vinrn + V = Vcn + Vrrr- .....ﬁV“ - ﬁvﬁf []]

where input consists of the volumes of the infiuent, Viyw.
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CHAPTER 13
CROP SALT TOLERANCE®

INTRODUCTION -

b

The salt tolerance of a plant can be defined as the plant’s capacity
to endure the effects of excess salt in the medium of root growth. Im-
plicit in this definition is the idea that a plant can withstand a precise
amount of salt without adverse effects. In truth, the salt tolerance of a
plant is not an exact value, It depends on many factors, conditions, and
limits. First, the salt.or salts involved must be specified. Second, the
conditions in which the crop is growing, which cause tolerance to .
greatly, must be specified. Third, the age and variety of a plant, which
also affects the plant’s tolerance, must be specified. To be useful to the
farmer, salt tolerance must be defined in terms of the reduction in
growth or yield caused by specified concentrations of salt. Of course, the
factors mentioned also influence the degree of reduction in growth.
Although a plant’s capacity to endure salt cannot be stated in absolute
terms, relative crop responses to known concentrations of salt under
certain conditions can be predicted. This chapter focuses on crop toler-
ance and the various factors that affect it

Salinity ' }

When an ion exists in the soil solution at a concentration that
exceeds the amount needed for optimum growth, it may become toxic to
the plant. Different levels of ions have different toxic levels, Concentra-
tions of chloride of up to 200 mol/m® or more may be tolerated by some’
- plants (Maas 1986), while as little as 0.2 mol/m® of boron is toxic to some
plants (Eaton 1944). Salinity, when used to refer to scil, denotes an
excess of salts derived from alkali and alkaline earth metals, primaril
Na*, Ca®*, and Mg?*. The predominant anions are usually C17, 50,27,
and HCO,™. A salt-affected soil is one that contains enough soluble salts
to hamper growth of the crop. The proportion of Na™ to Ca2* and Mg?*
that soils contain further differentiate them, i.e., they are either saline,
sodic, or saline-sodic. (See Chapter 5.) The relative concentrations of
these fons can vary greatly among soils. Their effects on plants, partic-
ularly at extreme ratios, can also vary. Generally, however, plants re-
spond similarly to salinity over a fairly wide range of combinations of
salt. In this chapter, salt tolerance refers to the capacity of a crop to grow

on a saline soil as defined in Chapter 5. Tolerance to specific ions or
elements will be considered separately, '

"Prep y:E. V. Maas, U.S. Salinity Lab., 4500 Glenwood Dr., Riverside, CA
9250, _
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Criteria for Salt Tolerance

The salt: tolerance of a crop is appraised based on one of the fol-
lowing; its ability to survive on saline soils, the reductions-in growth or

reductions in yield at different levels of salinity, or its growth or yield

when grown on saline soil compared to its growth or yield when grown
on a nonsaline soil. Plant survival, an important ecological eriterion, is of
little value for evaluating tolerance at commercial production levels. The
capability of plants to survive at extreme salinities often does. not corre-
late with reductions in yield found at more moderate salinities. Actual
yield responses to salinity are perhaps the most useful to a farmer, but
differences in yield may be caused by different environmental factors,
e.g., sofll moisture, soil fertility, insects, and plant diseases. Further-
more, it is difficult to-compare crops, sirice yields.of different CTOpS are
not expressed in comparable units. To overcome this problem, yields
can be expressed on a relative basis. Relative yield is the yield .of a crop
grown under saline conditions expressed as a fraction of that achieved
under nonsaline, but otherwise comparable, conditions.

Source of Salt-Tolerance Data
Earlier publications on this subject were updated o compile the
data on crop tolerances to salinity and specific ions and elements pre-

- sented in this chapter (Maas and Hoffman 1977, Maas 1987). Genérally,

only those papers reporting on both the salinity of the root zone and the
yield of the crop were used., In the case of some tree and vine crops, only
the responses of vvegetative growth were available. Data on ornamentals
are based on salf injury and appearance, rather than plant growth. The
literature covered in this review can be found in a bibliography compiled
by Francois and Maas {1278', 1985). ~ : Co

ENVIRONMENTAL AND EDAPHIC FACTORS
INFLUENCING SALT TOLERANCE

A plant’s ability to tolerate salinity or specific ions is a function of
many other conditions. The reliability of salt-tolerance data depends on
whether the interaction between salinity and various conditions of soil,
water, and cimate influence yield reduction. Other environmental
stresses may limit the yield, but they increase, decrease, or leave unaf-
fectéd the crop’s salt tolerance. Therefore, the effects of any interacting
factor must be compared based on relative crop yield. Fig. 13.1 shows
the types of interactions' that illustrate this point. If the response to
salinity is proportionately the same when a factor is limiting as when it
is adequate, L.e., the absolute yields in both cases are decreased by the
same percentage, the relative tolerance would be the same (Type A). If
salinity decreases yields by the same absolute amounts for adequate and
limiting conditions, a crop may appear relatively less tolerant under the
suboptimal condition (T ype B). However, if yield is severely limited by

somle suboptimal condition, e.g., inadequatesoil fertility, a ¢ may.

appear relatively more tolerant than if it were grown with Jbate
fertility (Type C) because the effects of salinity on absolute yield Gannot
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levels of soil salinity that begin to reduce yield and how much yield will
be reduced at levels above the threshold. However, more precise plant
response functions would be advantageous for crop simulation model-
ing. Several nonlinear models that more accurately describe the sigmoi-

dal growth response of plants to salinity exist (van Genuchten and

Hoffman 1984). The computer programs for these models were devel-
oped and documented by van Genuchten (1983). One of these models
takes the form: - ,

Y

— (13.5)
1+ (—) ]
C50

where Y,, = the yield under nonsaline conditions; ¢ = the average
salinity of the root zone; ¢y = the average salinity of the root zone that
reduces yield by 50%; and p = an &mpirical constant. Values for the root
zone’s salinity, c and cg, can be expressed in terms of either EC, or OP,,.
Like the two-piece linear model, this sigmoidal model requires two pa-
rameters to describe the response curve, the values of Csq and p.

Y, =

Salt Tolerances of Herbaceous Crops .
Table 13.1 lists values for the threshold and slope of 69 crops in
terms of EC,. Most of the data were obtained from crops grown under
conditions that simulated recommended cultural and management prac-
tices for commercial production. They show the relative tolerances of
different crops grown under different non-standardized conditions. The
data apply only where crops are exposed to fairly uniform salinities from
the late seedling stage to maturity. Where crops have particularly sen-
sitive stages, limits of tolerance are given in the footnotes.
The data in Table 13.1 apply to'soils where chloride is the predom-
" inant anion. Since CaSQ, is dissolved in preparing saturated-soil ex-
tracts, the EC, of gypsiferous soils will range from 1 to'3'dS/m higher
than that of non-gypsiferous soils with the same soil water conductivity
at field capacity (Bernstein 1962), Therefore, plants grown on gypsifer-
ous soils will tolerate an EC, of approximately 2 d5/m higher than those
listed in Table 13.1. The last column provides a qualitative rating of salt
tolerance that can be used to categorize crops. Figure 13.3 illustrates the
limits of these categories. Some crops are listed with only a qualitative
rating because insufficient data are available to calculate the threshold
and the slope, )

Sait Tolerance of Woody Crops

Determining the salt tolerance of trees, vines, and other woody
cops is complicated, since specific ion toxicities cause additional detri-
mental effects. The leaves of many perennial woody species are suscep-
tible to injury by the toxic accumulation of CI™, or Na*, or both, in the
leaves. Different cultivars and rootstocks absorb CI~ and Na™ at differ-
ent rates, so tolerance can vary considerably within a species. Tolerances
to these specific ions will be discussed below. In the absence of specific-
ion effects, the tolerance of woody crops can be expressed' similarly to
the tolerance of herbaceous crops, 1.e., as a furiction of the concentration

TABLE 13.1a Salt Tolerance of Herbace

and Special Crops

o
CROP SALT TOLERANCE h 271

ous Crops.®—Fiber, Graln

Crop

Electrical conductivity

of saturated-soil extract
Slope
Common Botanical | Threshold® | % per
name name® dS/m dS/m | Rating® References
{n 2 3) @) {5) (6)
Barley®* | Hordeum 8.0 5.0 T Maas and -
vulgare Hoffman {1977)
Bean Phaseolus 1.0 19.0 3 Maas and
viigaris Hoffman (1977)
Broad Vicia 1.6 86 MS | Maas and. :
bean faba ~ Hoffman (1977)
Corn! Zoa 1.7 12.0 MS | Maas and
Mays Hoffman (1977)
Cotton Gossypium 7.7 5.2 T Maas and :
-1 hirsutum - Hoffman (1977)
Cowpea | Vigna 4.9 12.0 MT | West and
unguii- - Francois (1982)
culata
Flax Linum 1.7 12.0 MS | Maas and
usitatis- Hoffman (1977)
simurn
Guar Cyamopsis 8.8 17.0 T Francois
tetragon- et al. (1989b)
oloba :
Kenaf Hibiscus MT | Francois
. canna- - (1988c)
binus o
Millet, Setaria MS | Maas and
foxtait .italica Hoffman {19877)
Qats Avena MT*
. sativa :
Peanut | Arachis 3.2 28.0 MS | Maas and
hypogaea Hoffman (1977)
Rice, Oryza 3.00 12.08( "S- | Maas and
paddy sativa ' Hoffman (1977)
Rye Secale 11.4 0.8 T Francois '
: cereale et al. (1989a)
Safflower | Carthamys MT | Maas and
tinctorius Hoffman (1977)
Sesame! | Sesamum S | Yousif A
indicum : et al. (1972)
Serghum Sorghum 6.8 16.0 MT | Francois :
- bicolor - g et al. (1984)
Soybean | Giycine 5.0 20.0 MT | Maas and -
max

Hoffman (1977)
{continued)
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1. INTRODUCTION

Imperial Trrigation District (IID) is a large ungauon district located in the Impenal Valley of
Southern California, near the Colorado River and the Arizona border. IID is in charge of
ordering and distributing approxunately 3.2 million acre-feet of water from the Colorado River
every year. ID)’s irrigation system is large and complex and includes the 82-mile All American
Canal (AAC) as well as almost 1,700 miles of other canals, numerous reservoirs, over 1,400
miles of drain ditches, and almost 33,600 miles of tile drains.

The primary objective of this study by Natural Resources Consulting Engineers, Inc. (NRCE)
was to evaluate the overall agricultural water uses within IID and determine whether such water
uses are reasonable and beneficial. In addition, NRCE evaluated whether the proposed transfer
by 1D of up to 200,000 acre-feet per year of conserved water to the San Diego County Water
Authority (SDCWA) would have an adverse impact on junior water right holders on the Lower

Colorado River.

NRCE conducted a detailed analysis of IID’s water supply, demand, delivery systems and
irrigation, using records from 1988 to 1997 as well as a comparative water use study of several
irrigation districts located within the Southwest and the Lower Colorado Rlver Basm N'RCE
also conducted its own field evaluation in the summer of 2000, = = - _

NRCE has concluded that IID’s agricultural water uses are reasonable and beneficial. Despite its
unique environmental conditions, IID has one of the highest on-farm irrigation efficiencies
relative to the other irrigation districts served by the Lower Colorado River, and has a higher on-
farm irrigation efficiency than the assumed expected efficiency by the State of California for the
year 2020. According to a United States Bureau of Reclamation (USBR) study conducted in the
late 70s, the on-farm imrigation efficiencies for the various irrigation districts in the Lower
Colorado Basin ranged from 32 to 78%, and IID had the highest average on-farm efficiency of
78%. NRCE also determined that IID’s proposed diversion of 200,000 acre-feet of conserved
Colorado River water would have no meaningful adverse lmpact on other water right holders

- downstream of the proposed Lake Havasu dlversmn

In evaluating ITD’s water use, NRCE considéred the available water supply, water quality, and
the major facilities that convey and distribute irrigation water to D). In addition, NRCE
analyzed the water requirements for the various crops grown in the District, taking into account
the climate and the agricultural land resources of IID, and IID’s dehvery system.

IID’s water use was first analyzed by NRCE using the water balance method. A volume balance
analysis was performed for the entire District as a system-wide unit, as well as two subsystems
that include the conveyance and distribution level subsystem and the on-farm level subsystem.
The primary objective in the water balance method approach is to estimate the total water
consumptive use. This method is appropriate for the Imperial Valley because of the Valley’s
unique physical setting and hydrogeologic conditions as a closed basin.

Determination of the on-farm and overall irrigation system efficiencies required examination of
irrigation water beneficially used. There are various-uses of irfigation water that are beneficial in

I L il




addition to directly satisfying crop water demands. In IID, other beneficial uses of irrigation
water include seedbed and land preparation, germination, cooling, and leaching for salinity

control,

After completing its study, NRCE determined the following:

During the study period (1988-1997), IID’s on-farm efficiency averaged 83%, while
its overall efficiency was about 74%. In other words 83% of the delivered water to
the headgates was used for crop evapotranspiration (ET), leaching, and other crop
production uses. The California Department of Water Resources (CDWR) assumes
that statewide on-farm irrigation efficiency will be 73% by the year 2020 and could
reach 80% through better irrigation management and improved facilities (CDWR
1998). The irrigation efficiency of IID has thus already surpassed-the State’s future
efficiency estimate, 20 years ahead of time. To attain such irrigation efficiency, IID
growers often apply lower amounts of water than they really need, thus limiting
tailwater, but also accepting lower yields. :

The irrigation efficiency of ITD is so high that even those irrigation projects that are
served with some of the most technologically advanced irrigation systems, including
drip irrigation, exhibit about the same level of irrigation efficiency: To the extent that
water loss occlrs, it is generally justified as a corollary to farming in a hot climate
with heavy cracking soils. ' " :

‘Based on the data assembled for NRCE’s water budget study, IID’s conveyance and

distribution efficiency was determined by dividing the irrigation water delivered to
the farms by the net supply of irrigation water to all the canals off the AAC.’ The
average conveyance and distribution efficiency from 1988 to 1997 was determined'to -
be approximately 89%. In other words, about 11% of the water diverted from the
AAC was lost to evaporation and unrecovered seepage and spills before the irrigation -

water reached the farm headgates. The 89% conveyance efficiency is high, especially- ==
given the size of IID’s irrigation project and the complexities of its water distribution

system management.

Tailwater is a vital and necessary component of the Imperial Valley’s irrigation
practice. Due to the Iow permeability of the heavy cracking soils in XID, it is difficult
to adequately leach salts from the soil during regular irrigation applications.. The
nature of most of IID’s soils requires more leaching water than stated in traditional
formulae, of which the equations are more applicable to non-cracking heavy soils.
Though both horizontal and vertical leaching occur during regular irrigation, only
about 52% of the salts in the soil are leached at such time, while the other 48%
remain in the root zone, requiring additional leaching between crops.

During regular irrigation on IID’s medium and heavy soils, only 4.5% of the applied
water drains vertically, removing about 30% of the salt introduced by the imrigation
water, while about 17% of the applied water ends up as tailwater that removes
approximately 22% of the salt introduced by the irrigation water. This leaching
process is compounded by the fact that the Colorado River, by the time it reaches IID,




- contains significantly increased mineral salt concentrations. Excess salts in light soils

are more easily removed than salts in heavy cracking soils, such as those found in
11D, because the permeability of the light soils is adequate for vertical leaching.

»  On many [ID farms with medium and heavy cracking soils, it would be best for
growers to apply even more water during irrigation for leaching and crop
consumptive use purposes than they currently do, because this would increase crop
yields. However, since higher water application could result in higher tailwater,
growers tend to apply barely enough water for crop use and for partial leaching of
salts. As a result of insufficient leaching, the lower end of the field becomes too
saline for crop production, thus decreasing the productivity of valuable acreage.

o When urrigation water 15 applied at the head of the field, it picks up salts from the soil
- as it moves to the lower end of the field. It was determined that the salinity of the
- tailwater is about 30% higher than the water delivered at the head of the field, which

indicates significant horizontal leaching is taking place in ITD because of the nature of

its soils.

. 1--.-Con51dermg the three processes of leaching for cracking soils (vertical leachmg

during crop irrigation, leaching irrigation, and horizontal tailwater leaching), it was

- determined that approximately 0.73 acre-feet per acre is used for leaching on an

annual basis. The leaching requirement for light soils was estimated to be about 0.58

acre-feet per acre per year. About 87% of IID irrigated lands have limited
permeablhty in the root zone, while the remammg 13% are light soils.

Based on the above results and the other matters addressed in this rcport, it is NRCE’s opinion
that the overall irrigation ‘water use in JID is reasonable and beneficial. Though IID has been
criticized by some for its water use, in NRCE’s opinion such criticisms are uninformed and
unjustified.- A reasonable look at IID’s water usage shows that IIP) and its growers manage

. reasonablymwell in difficult envirommental circumstances, and in fact could justify using more

water for leaching and crop consumptive use than they currently utilize.:
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COMPILATION OF RECORDS IN
ACCORDANCE WITH ARTICLE V OF THE
DECREE OF THE SUPREME COURT OF

THE UNITED STATES IN

ARIZONA v. CALTIFORNIA DATED MARCH 9, 1964

CALENDAR YEAR 1997

Bureau of Reclamation

Boulder Canyon Operations Office
Lower Coleorado Region
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The following tabulations for calendar year 1997 show final records of diversions of water
from the mainstream of the Colorado River, return flow of such water to the mainstream and
consumptive use of such water. The records were furnished by the U.S. Geological Survey,
International Boundary and Water Commission, Bureau of Indian Affairs, Bureau of Reclamation
(Reclematlon), National Park Service, U. S. Fish and Wildlife Serv1ce, and water user
agencies. Diversions from the All-American Canal and Gila Gravity Main Canal at Imperial Dam

were assigned to each user by adding each user's proportional share of the total canal losses
to the delivery taken by each user at its turnout from the canal.

The tabulations also show quantities of water pumped from the mainstream or from wells in the
Colorado River flood plain. Amounts diverted by pumping were determined by one of two
methods: (1) For most electric pumps, diversions were computed on a monthly basis from power
records and a "kilowatthour per acre-foot factor" that was determined by discharge

measurement; (2) For pumps other than electrlc and some electric pumps, a consumptive use
factor of & acre-feet per irrigated acre_per year was used.

Consumptive use estimates for 1nd1v1dua1 dlverters may be over or under estimated.

Reclamation is continuing the development of the Lower Coloradoe River Accounting System to
refine estimates of consumptlve use. , =

Tabulations for calendar year 1997 do 1nclude acceptable determinations of the unmeasured
Colorado River return. flows to Lake Mead from Las Vegas Wash which accrue to the State of

Nevada and a portion of the unmeasured_return flows from the Yuma Mesa which are credited to
the State of Arizona. Lo :

No person or entlty is entltled to: dlvert_or use, Colorado River water without an entltlement.
An entitlement is an authoxization to: benef1c1ally use Colorado'River water pursuant to: (1)
a right decreed by the Supreme Court, (2) a contract with the United States through the
Secretary of the Interior _(Secretary), r (3) a Secretarial reservation of water. The
recording of diversions, return flows,. or consumptlve use in this tabulation is for
statistical use only and is not to be ‘interpreted as. an entitlement, indication that the use
is authorized, or imply that return flow' 3 dlts are assoc1ated w1th a specific entitlement.
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DIVERSIONS FROM MAINSTREAM-AVAILASLE RETURN ELOW
! ARD CONSUMPTIVE USE OF SUCH WAYER
: CALENDAR YEAR 1997
STATE OF ARIZONA

01/13/99 ; (ACRE-FEET)
WATER USER JAN FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  O0CT  NOV | DEC TOTAL v
TOWN OF PARKER .
PUMPED FROM RIVER DIVERSION o 9 0 H 0 0 0 0 0 [ 0 a 0
1 NELL-NW NV N\ SEC 7 T9N R19W G&SRM DIVERSICN 10/ 49 52 77 86 B4 108 113 106 8 172 5S4 47 1033
RETURNS 0 L 0 0 o 0 0 1] 0 [t ] 1] 0
CONSUMPTEVE USE 49 52 77 84 84 108 113 06 B4 172 54 &7 1031
COLCRADO RIVER IMDIAN RESERVATION ’
DIVERSION AT HEADGATE ROCK DAM DIVERSION 7720 42700 55570 59260 75820 76440 81880 73480 50230 38460 28580 26240 616380
| PP FROM RIVER (B-04-22)14 bbd  DIVERSION 3/10/ 1077 555 879 1069 1568 2058 1995 2320 2082 ~ 943 - ooy “ooio 15278
RETURNS 12526 13878 18613 20167 21886 23005 23926 24894 22626 19955 18429 18940 233935
CONSUMPTIVE USE -3729 29377 378356 40162 55502 55403 59949 50906 29686 19447 10410 7772 392723
EHRENBURG IMPROVEMENT ASSN.
1 PUMP SW SEC 3 T3N R22W GASRM DIVERSION 2?28 37 3 41 5t 58 57 47 36 46 3 499
RETURNS

CONSUMPTIVE USE
CIBOLA VALLEY IRRIGATION BISTRICY :
5 PUMPS SEC!S 20, 21 & 24T1N R23W DIVERSION 411 3001 1871 2823 4005 4470 5059 4535 2137 127s 714 782 30883
: RETURNS

CONSUMPTIVE USE

C1BOLA MATIONAL WILDLIFE REFUGE

4 PUMPS, SEC 2 AND 3% DIVERSION 625 327 563 1384 1085 1827 1798 1778 1735 1555 1583 314 15075
RETURNS
CONSUMPTIVE USE

IMPERIAL MATIONAL WILDLIFE REFUGE

2 WELLS SEC 13 T5S R22W GASRM DIVERSION 2/ 426 342 582 629 769 932 1017 978 769 644 458 450 8000
RETURNS :

CONSUMPTIVE USE

YUMA PROYVING GROUND :

DIVERSIOH AT IMPERIAL DAM DIVERSION 0 0 Y o 2 0 0 I 0 0 [H 0 2

WELLS X,Y,H DIVERSICH 27 3¢ 87 122 126 151 167 145 as 30 35 28 1037
RETURNS o ¢ 0 0 0 0 ) 0 0 0 ] 0 0
CONSUMPTIVE UsE 27 30 a7 122 128 151 167 145 a3 30 36 28 1039

STURGES .

OIVERSION AT IMPERIAL DAM DIVERSION 220 424 401 719 844 739 712 37 748 591 789 480 B0G4
RETURKS <4 15 -2] =16 40 -49 -45 55 -8 28 39 43

CONSUMPTIVE -USE 224 415 586 740 860 699 761 1182 693 599 761 441 7961
WELLTON MOHAWK I. & D. DISTRICY

DIVERSICH AT IMPERIAL DAM DIVERS]ION 16499 27704 37383 38564 52342 S5104 48976 39040 31655 28997 23236 15470 ;-41g190
GGMC RETURN . =352 625 1080 -1240 -1088 3334 -3818 -175% 2614 -468 920 1400 1231
DOME RETURH 1165 1013 1376 632 562 228 305 180 513 1121 1240 1670 9745

‘MO0 RETURR %/ 6460 7900 B980 8320 10750 10550 7770 &09¢ 5770 6500 4310 6300 21700
~RETURNS, TOTAL 7213 9538 11216 7712 10224 14192 4257 4514 BB9T 7153 8470 9370 102676
- CONSUMPTIVE USE 92856 18166 26167 30B52 42138 40992 44719 34526 22758 21844 14766 6300 .~ 312514

CITY OF YUMA

DIVERSION AT EMPEREIAL DAM (AADY DIVERSION - 1814 1691 2091 1990 2606 2649 2835 3061 2465 2787 2072 1948 28050

DIVERSION AT !MPERIAL DAM (GILA) DIVERSION 0 0 o 0 0 0 g 0 ] 0 0 0 Q
RETURNS 811 723 8014 728 777 818 908 921 1058 1425 1002 1109 11081

. CONSUMPTIVE USE 1003 968 1290 1262 1829 1851 1928 2140 1407 1362 1070 359 16969

MARINE CORPS AIR STATIONR (YUMA) '

DIVERSTION AT IMPERIAL DAM DIVERSION 84 160 162 185 239 256 287 277 218 135 102 58 2123
RETURNS

‘CONSUMPTIVE USE

10
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7-2045 (2-8 1)

1

(h) -
A

OMB Approvat No. 10056-0001

Expires 12-31-93 -~

Sureau of Reclamation CROP PRODUCTION AND WATER UTIL[ZATION';DATA FOR 19 98 'SHECE;;
(ADP Code (1 -6) Project & Subdivision ' ' _ State Region )
30470 Wellton Mohawk Irrigation and Drainage District ' AZ LC.
TYPE OF IRRIGATION SERVICE (7) X Full L] Supplemental L] Temporary - - |
LINE ] 3 |
CODE | PART A " ' ACREAGE SUMMARY .
(10-12)] LANDS iN IRRIGATION ROTATION (Actes) - ' CLASS 1-4 CLASS 5 TOTAL,.
(13-21) (22-30) :
11 Harvested cropland and pasture (from Line 194}y . 0 . 57,894
12 | Cropland not harvested and soilbuitding . _____ ____ —————
: 13 | Acresimigated (Lines M1 +42) _ __ _ __ .. _ .. . __
Q_ 14 Falloworidle _ . _._.._  _ . o — s — At s e e e e i At e
15 Total Area in trrigation Rotation (Cultivation) (Lines 13 + 14)
LANDS NOT IN IRRIGATION ROTATION {Acres)
16 - Dry cropped, idle, fallow, of grazed — — —eemem o
17 Farmsteads, roads, ditches, drains — — e e e ———— e ———— e
18 Total Area Not in [migation Rotation {Lines 16 + 17)
19 | URBAN AND SUBURBAN LANDS
20 | TOTAL IRRIGABLE AREA FOR SERVICE (Lines 15 + 18 + 19)
21 | TOTALIRRIGABLE AREA NOT FOR SERVICE
22 | TOTAL IRRIGABLE AREA (Linas 20+ 21)
23 | CLASS 6-TEMPORARILY IRRIGATED
PART B . i - CROP VALUE SUMMARY -
3 GROSS CROP VALUE (from line 194y . . .. . _ _ _ _ o
32 | ADDITIONAL REVENUE:
33 Federal ASCS Payments S S
o 34 Sugar Program: e e et e e e e e
- as Total Additionat Revenue {Lines 33 + 34)
36 | IOTAL VALUE (Gross erop valve plus additionai tevenve - (Lines 31 + 35) _
37 | TOTAL IRRIGATED ACREAGE (fram Line 13)
38 | AVERAGE VALUE PER IRRIGATED ACRE (Line 35 / Line 37} o
FART C - NUMBER OF FARMS AND POPULATION - ]
L 0l Y
{1321) (22-30 (3140)
41 JFULLTIMEFARMS o 108 60,796 324
42 { PARTTIMEFARMS — oo 24 1.387] 72
43 | URBAN AND SUBURBAN LANDS (acres from Line 19 —— . ____ : 03] 331
44 | TOTAL (acres from Line 20) : TR T G e

This Information is collected to effectively administer, manage and evaluate the Federal Reclamation Program. 'Data are used for economic analysls, program evaluation, and to re‘sjapond o
congresslonal and other inquiries. Response te this request is required to obtain a benefitin accordance with Public Law 76-260. Public reporting burden for this information collection :
Is estimated to average-.33 hours per response, including time for reviewing instructions, gathering and maintaining data, and completing and reviewing the form. Direct comments regarding the

burden estimate or any other aspect of this form to Chief, Publications and Records Management Branch, Code D-7920, Bureau of Reclamation, Denver Federal Center, PO Box 25007, Denver, CO
80225-0007; and the Office of Management and Budget, Paperwork Reduction Project 1006-0001, Washington, DC 20503 i




Broa of Roclamation (CROP PRODUCTION AND WATER UTILIZATION.DATA FOR 1998 _ | sHEET 2
ADP Coda {1-8) - iject & Subdivisien State Ragion OEA
304700 Wellton Mohawk Irrigation and Dra:nage District AZ LC
TYPE OF IRRIGATION SERMICE {7) Full [ ] Supplemental ] Temporary
PART D ' CROP PRODUCTION o
oooe CROPS HARVESTED IN IRRIGATION ROTATION ACRES UNIT I PER AcrE — ToTAL | PERUNT v?éﬁuiggf TOYAL
(10-12} {13-21) {22-30) {31-40) (41-48) {49-57). . (58-86)
ol 51 |Bartey — HIGH YIELD BUT CORRECT _ 62! By, 104.79} 6,497 3.00 31437 - 19,491
52 |cern HIGH YIELD BUT CORRECT - 1,570 Bu 19341 303,654 2.86|. 353.15( . 868,450
o 54 0@t e B, e :
5 54 RGO o o e Cwi, o ' .

& 56 | Sorghums (sorge, Kaffir, ate) 154 Bu 45.45 ] 6,999 2801 127.26 19,597
© 1 57 {wneat _ HIGH YIELD BUT CORRECT N 13,702} Bu 116.10}- 1,590,802 2.77 321.60 4,406,522
58 | Other Cereais Cwt. '

59  TOTAL CEREALS 3 _
81 (Alfalfabay __ __ __ ... . _ ___ _ _ __ 0. 140,439 0| 12,639,510
62 lotherhay . _ 6,073] Ton 5.07 30,790 76.51 38701 3355.743
63 |Inigatedpasture ____ __ _____ __ __ __ _____ . ___ | ' AUM
§ 65 |Silage or ENSHage — oo Ton .
5 68 | Crop residua: Best ops e Ton
=1 s7 Stubbls, stalis, 8t o . o AUM o
68 Straw (alt KINdS} e e e e e Ton 1,191 50;00 - '5'9',5':50
70 { Other forage Ton : :
74 | TOTAL FORAGE
81 Boans, dry and edible e oo e Cwt.,
B2' | Catton, fint (Upland} —— — — — [ Bule 2.09 -31,74% 350.00 731.50 11,112,150
o | 8 |Cotton, seed Wpland) — — — _Ton 0.83 12,609, 147.00F -~ 122.01 1,853,523
o Cotton, lint (Am-Pima ] .
S | o oo socstonrm e 559 T i
5 . 147.00 30.85 2940
i 88 HOPS e e e —————— Ten :
E BT |Peppermint o Lb.
g 88 | Spearmint o e ib.
= B9 |SugarBeets ... ... _ | s e e e e i e Ton
80 |Soybesns .. . .. . ___ _____ - ___ Bu,
g1 {Other miscellanacus field crops 822] Ton 773 1,208.85 1,136.32
9"  TOTAL MISCELLANEOUS FIELD CROPS A5 T ; ;
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Engineering Division

TRRIGATION WATER REQUIREMENTS

Introduction

It is essential that the water requiremerits and consumptive use of

- water be known in irrigation planning for soil conservation and irriga-

tion districts and for individual farms. Conservation of water sup~ -
plies, as well as of soils, is of first importahce in the agricultural
economy. In basin-wide.investigations of water utilization and in wa- -
ter conservation surveys, consumptive water requirement_is one of the

most important factors te be considered. There is an' ukrgent need for' T”fq

information on irrigation requirements in connection with'farm plan-

A knowledge of consumptive ‘use is necessary in plamnming farm irriga-
tion system layouts and improving irrigation practices. Irrigation and
consumptive water requirement data are used more and more widely by
water superintendents as well as state, federal, and other agencies
responsible for the planning, construction, operation and maintenance
of multiple~purpose projects and by those responsible for guiding and
assisting farmers in the solution of their irrigation problems. '

Scope

This release covers the procedures used to estimate irrigation water
requirements on a farm or on a project. Irrigation application ef-~
ficiencies are discussed briefly. More detailed informatiom is pre=
sented in applicable chapters of Sectiom 15 of the National Engineer-
ing Handbook. Procedures for measuring losses in existing farm
distribution and project conveyance systems and for estimating losses

~in such systems as may be proposed are included. 'Irrigatipn water *

storage requirements may be estimated by use of the procedure con-
tained in Technical Release No. 19, '

befinition of Terms
Some of the terms used in this release are defined as follows:

Consumptive Use, e

Consumptive use, often called evapo-transpiration, is the amount of
water used by the v tative growth of a given area in tramspiration

and buildine of nla.. tissue and that evaporated from adiacent soil 0 ™

Nwe
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Soil Survey of

Colorado River Indian Reservation

Arizona—California

By Frank L. Nelson, Soil Conservation Service

Fieldwork by Frank L. Nelson and Edward R. Fenn,

Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service

In cooperation with

United States Department of the Interior, Bureau of
indian Affairs; Arizona Agricuttural Experiment Station; and

California Agricultural Experiment Station

COLORADO RIVER INDIAN RESERVATION is in the
southwestern part of Arizona and the southeastern part
of California. It consists of parts of La Paz County,
Arizona, and Riverside and San Bernardino Counties,
California. The reservation was established on March 3,
1965. It has a total area of 268,850 acres, or 420 square
miles. Parker, Arizona, the largest town in the survey

_ area, has a populatlon of 3,100, and Parker Valley has a
- population of about 9,800. Other communities on the

. reservation include Big River, California, and Poston,

" Arizona. About 2,600 Indians of the Mohave,

Chemehuevi, Navajo, and Hopi tribes live on homesites

. scattered throughout the reservation.

The survey area is in the Western Range and lrrigated
Region of the Sonoran Desert section of the Basin and

- Range province. The boundaries follow irregular lines.
. The Colorado River flows through the survey area.
" Elevation ranges from 250 feet whiere the Colorado River

flows out of the area to 2,500 feet on some of the peaks
scattered throughout the area.

The climate in the survey area is characterized by
moderate weather in winter and by hot, dry weather in
summer. Precipitation is sporadic. It occurs mainly in July
to Septemnber and December to February.

Farming is the most important economic enterprise in
the survey area. The main crops are cotton, alfalfa,

leftute, méloris, grain sorghum, wheat, and dhions:
Additional income is provided by tourism. _

About 99 percent of the farmland is on the flood plair¥
of the Colorado River, where there is access to gravity-
fed water from Headgate Rock Dam. The other 1
percent, or about 1,585 acres, is above the flood plain
escarpmeit and on adjacent terraces and is irigated by
water from wells.

Arizona Highway 72 and Gallfornla Highway 62 cross
the northern part of the reservation, U.S. Highway 25
generally parallels the western side, and a good blacktop
road called “Mohave Road” traverses the middle of -
Parker Valley from north to south. A railroad crosses the
northern and eastern parts of the reservation. Parker is
served by a busline and an airport, which handles local
air traffic. Most of the major crossroads in the valley
have been blacktopped, and a bridge that connects
Mohave Road with U.S. Highway 95 has been rebuilt
across the Colorado River,

Descriptions, names, and delineations of soils in this
soil survey do not fully agree with those on scil maps for
adjacent survey areas. Differences are the.result of
better knowledge of soils, modifications in series
concepts, intensity of mapping, or the extent of soils
within the survey.
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By Robert P. Zimmerman, Soil Conservation Service

Field work by Robert P. Zimmerman, Jason W, Decker, Albert S. Endo,
Forrest W. Flannagan, James W. Lockard, John McAllaster, Robert G. Pratt,
Guy J. Romito, Seil Conservation Service; Gerald Mitchell,

Major Mitchell, Imperial Irrigation District

United States Department of Agriculture, Soil Conservation Service
in cooperation with-the University of California Agricultural
Experiment Station and the Imperial hrrigation District

| Physiography, relief and drainage

“The. physmgraphy of. the Imperlal Valley is=that of a

o great basin. it is"part of tha northern extension of the
: " giant geologic trough. occupied by the Guif of. California.
- The portion.of the basin within:the survey area is bound-
Yuha Desert.on the southwest E!eva-'-‘- -+ ‘ed ‘on-the east by theé ‘Chocoldte and Cafgd Muchacho
230 feat below sea level to about 350 " Mountains_and on the west by the Coyote ‘and Fish
is the & ounty seat and largest city "~ Creek Mountains. The lmperfal valley is sepafated from
With a populatlon of about 20,000. - the: Gulf of California by the ridge of the Colorado River
ial Vallsy Area-ent compasses 989,450 acres. delta, which is about ‘30 feet above sea fevel at its
n stratified alluvial materi als and - lowest point. The lowest part of the basin: is the bed of

v N S o the prehlstonc Lake Cahullla. where the' each line is

er dwerted from the Colo- .
Ied Impenal County’s agnculturall'--i.-
ngxthe hrghest in Cahforma Over_

The.. main - |mgated a as"'
' lakebed floor between: the internatiol
""_south and the Salton Sea on_ .

0.1 percent From the easi and weet edges toward the
center, the slope is about 03 percent The i

anageme st ' .-"parent matenals of the: Glenbar,_ foltvill .- e
SIVG]Y mapped _ln ﬂ922 and 1923 (12 73), and. soils: and the “uriderlying’ layers: of ‘the. "M d ‘and
. Niland soils (fig. 1) "Windblown and river channel, silts. and
sands deposited in the lake basm dro the séurcés of the
~ 1Indio, Vint, and Bositas Soils and the. surface Iayer of the
..~ Meloland soils. Rositas and Care:tas sods were formed in
“7 the beach deposits. Four dow volcanic hilis rise about
- . 100 fest above the lake"bed élong th seutheast .edge of
the Salton Sea.. .- SO ° :
. Betweern the east slde of the old lake : s:n and .tha
' L Algodones Sand Hills is &' ‘desert plaln. the Imperial East
ThIS sectlon prowdes general 1nformat|on about the Mesa, which is a terrace of the Colorado River dslta.
Imperial Valley Area. It discusses physiography, relief, This area is nearly fiat, but slopes to the west about 0.1
.and drainage; history and development; natural re- percent near the southern edge of the mternatlonal
sourges; and climate, - : : " boundary. The grade increases slightly in the north part

OIL SURVEY OF IMPERIAL COUNTY, CALIFORNIA, IMPERIAL VALLEY ARFA |
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PLATES

Prars XV, Fig. 1—Escarpment of the upland mesa {backgreund), and
section of the ailuvial vailey (foreground). Fig. 2—Field
of lettuce on the Imperial eilty clay loam, near Fertilla___
XVI Fig. L—Permanent farm dwelling of the better type, adapted
to the climatic conditions of the area, Tig. 2—Shrinkage
cracks and sun-baked, compact shaly structure in recently
deposited material of the Holtville clay
XVIL Tig. 1—Stony surface and characteriste topography and
vegetation of the Tijeras sitony sandy loam. PFig. 2.-~—Area
of recently deposited Gila very fine sand, showlng project-

ing fence posts
XVIIL Fig. 1.—Profile of the Superstition sand showing compacted
upper layers and loose deeper subsoil. Fig, 2.-—Typical
heavy growth of vegetation on Hpoltville clay east of
Ripley -
XIX. Fig. 1—Characteristic topography and vegetation on the
Rositas fine sand. Tig. 2—View near Ehrenberg Ferry on
the Colorado River, showing heavy grewth of wlllow and

FIGURE
Fug. 17, Sketch map showing location of the Palo Verde area, Californla_
' MADS

Soil map, Pale Verde sheet, Californin
_ Alkali map, FPalo- Verde sheet, California

v

1T R T

S S s iy vy et ot | ) LY Rt

Paga

582

582

593

698

614

571

SOIL SURVEY OF THE PALO YERDE AREA
CALIFORNIA

By A. E. EOCHER, in Charge, and.F. 0. YOUNGS
'DESCRJITIQN OF THE AREA

The Palo- Verde area is situated about 40 miles northeast of the
Imperial Valley, near the extreme southeastern part of California.
Blythe, the principal town, is about 200 miles sast of Log Arngeles.
The ares comprises the Palo Verde Valley lying zlong the Colo-
rado River, the Palo Verde Mesa with 2 number of detached
desert mountains, and a narrow strip along the east side of the
Colorado Desert comprising a part of the Chuckawalla Valley.
The greater part of the survey lies in the southeastern corner
of Riverside C%unty; a strip about 3 miles e
m width extends south “into Imperial
County. The Colorado River forms the
east boundary and separates the area from
the State of Arizona. The north boundary
is formed principally by the Santa Maria
Mountains, the south boundary by an east-
and-west line extending through the foot-
hills of the Palo Verde%&fountains, and the
west boundary is mainly a north-and-south
line extending through Ironwood Moun-
tain and thence south across the desert
along the west side of the Mule and Palo

Verde Mountains. The ares is roughly rec-
tangular and comprises 423 square miles, o, 17 et .

3 -] 5 — ke W
or 2:701720 acres, . _(‘}e}nerallg ea‘klng) it lrﬁ}-::aatitm. of them%'glg %’eﬂhga
consists of two divisions, the low, recent ares, Callfornia

afluvial lands known as the Palo Verde -

Valley, elevation 240 to 275 feet above sea level, and the higher desert

lands bordering the valley' on the west. From the agricultural
standpoint, the Palo Verde Valley is much the more important.
It extends from the Blythe Intake on the north whera the Santa
Maria Mountains completely shut off the lowlands, southwest-

wardly a distance of 80 miles, where it is again pinched out by -

the encroaching foothills of the Palo Verde Mountains. The valley.
ig_erescent shaﬁed and reaches a maximum width of about 10
miles-between the towns of Blythe and Ripley. Except in a num-

ber of places where small areas are dotted with wind-blown mounds,

3 to 20 feet in height, the surface is generally.smooth, with =
unzform slope from north to south of about 114 feet to the mile. The

‘highest part of the valley is on the east side along the river, the

1
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- BY ARNOLD

'COACHELLA VALLEY AREA

TY, CALIFORNIA

FIELDWORK BY ARNOLD 4. KNECHT, CONRAD. R..SIMONSON, AND EDDIE SPENCER, SOIL CONSERVATION SERVICE

TED STATES DEPARTMENT OF AGRICULTURE
CITTED STATES »En  UNIVERSITY OF

tends from Imperial County to San Bernardino County

(see facing page)..The survey.aréa is-560,640 acres in-
extent. It hasa population -of 106,000 (§).2 Indio, the

prineipal town, has a population of 14,361, N

- . 'High value agricultural crops are grown _exterisj’i'relj
in the Coachella Valley Area. Large acreages are used

for oranges;” lemons, -grapefruit, . table grapes, and
dates. Extensive acreages dre in carrots, corn, toma-
toes, onions, squash, bell peppers, -radishes, and leaf
lettuce for shipment 4o areas where: siich produce: is
out ‘of sedson. Alfalfa and cofton .are other important
crops grown in rotation with the out-ofiseason crops.
Al érops are irrigated.

How This SurveyWasMade S
Soil scientists made this survey to learn what kinds
of soil are in- Coachella Valley Area, where they are

. located, and how they can be used. ‘They went into the
- Area knowing. they likely would find many soils they

had already seen and perhaps some they had not. They
observed steepness, length, and shape of slopes; kinds
of crops and native plants; kinds of rock; and many
facts about the soils. They dug many holes to exXpose
soil profiles. A profile is the sequence of natural layers,
or horizons, in a soil; it extends from the surface down
into the parent material that has not been changed
much by leaching or by the action of plant roots,

The soil scientists made comparisons -among the pro-
files they studied,- and -they- compared. these profiles
with those in areas nearby and in places more distant,
They classified and named the soils  ‘ording to na.
tionwide,_unifoz;m p:t;ocedgres. FThg‘x series and thg

HE COACHELLA VALLEY AREA. in the central
T‘part. of .Riverside County north of Salton Sea, ex--

, SOIL CONSERVATION. SERVICE, IN ‘COOPEEATION WITH THE
CALIFORNIA AGRICULTURAL EXPERIMENI STATION '

-or other -geograpﬁfé.feéfﬁre-,near the place whér_e a goil

of that series was first.observed and mapped. Coachella
- and Indio, for example, are.the names of two soil series.
Al the soils in the Unitad. States -having the same

Series name are essentially alike in- those characteris-
tics that affect their behavior in the undisturbed land-
scape, © '

. Boils of one series.can differ in texture of the surface

" layer and in slope, stoniness, or some other character-

istic that affects use of the soils by man. On the basis
of such differences, a soil series is divided into phases.
The name of the soil phase indicates a festure that

- affects management. For example, Coachella fine sand

is one of the four phases within the Coachells series,
After a guide for classifying and naming the soils
hagd been worked out, the soil scientists drew the bound-
aries of the individual soils on aerial photographs. The
photographs show roads, buildings, field borders, trees,
and other details that . help in drawing boundaries zc.
curately. The soil map st the back of this publication
was prepared from aerial-photographs. B
he areas shown on a 501l map are called mapping
‘units. On most-maps- detailed enough to be useful in
planning the management of farms and fields, & map-
ping unit is nearly equivalent to a soi phase. It is net
exactly equivalent, because it is not bractical to show
on such a map, all the small, scattered bits of soil of
some other kind that have been seen within an area
that is domingmtly of a recognized soil phase, .-
Some mapping units are made up of soils of different
series, soils of one series and a land type, or a broadly
mapped soil (subg-roup or great group) and a land type.
Six such mapping units are.shown on the maps of the
Coachella Area—all soil complexes. I
A s0il complex consists of areas of two ox ‘e soils,
or soils and land -typ‘e§, so intermingled or . _small in

~fee. AToaa AT -




Attachment 26

U.S. Department of Agriculture, Soil Conservation
Service. (1980). “Soil Survey of Yuma-Wellton Area.”




SOIL SURVEY OF YUMA-WELLTON AREA
PARTS OF YUMA COUNTY, ARIZONA, and IMPERIAL COUNTY, CALIFORNIA

By Russel L. Barmore, Soil Conservation Service

Soils surveyed by Russel 1. Barmore, Earl G. Chamberlin, Harlan E. Jacoby, and John P. White,
Soil Conservation Service

United States Department of Agricultﬁre, Seil Conservation Service, in cooperation with the
Arizona Agricultural Experiment Station and the California Agricultural Experiment Station

YUMA-WELLTON AREA, PARTS OF YUMA COUNTY,
ARIZONA, AND IMPERIAL COUNTY, CALIFORNIA, {re-
ferred to elsewhere in this survey as Yuma-Wellton
Area) is in the southwest corner of Arizona and the
southeast corner of California. It has a total area of
1,042,429 acres, or 1,628 square miles. Yuma, the
county seat of Yuma County, has a population of 35,000.

The survey area is in the Western Range and Irrigated
Region of the Sonoran Desert section of the Basin and
Range province. The Colorado River and the All-Ameri-
can Canal form the western boundary. The Gila River is

Ytermittent stream that flows westerly through the

7al part of the area. The northern and southern paris
cor;mst of old river terraces and broad alluvial fans that
are drained by the Gila and Colorado Rivers,

Elevation ranges from 75 feet where the Colorado
River enters Mexico to more than 2,000 feet on some of
the peaks scattered throughout the survey area.

The climate in the survey area is characterized by
moderate temperatures in winter and by hot, dry weather
in summer. Precipitation is sporadic. It cccurs mainly in
the period of July to December.

Farming is the most important industry in the survey
area. The main crops are citrus fruit, cotton, alfalfa, small
grain, and truck crops. Additional income is provided by
military installations and tourism. '

General nature of the area

This section briefly discusses the setttemernt and de-
velopment, history of irrigated farming, farming, transpor-
tation, and climate of the survey area.

Settlement and development

The survey area is rich in cultural history. Hernando de
Alarcon, an early Spanish explorer, sailed up the Colora-
do River past the present site of Yuma in 1540. At that

.
!
__-"/’

time Indians of the Yuman culture were living along the

" banks of the Colorado and Gila Rivers. N
During the period of the American Revolution, Padre

Francisco Garces established two missions in the area.
The area south of the Gila River remained in Mexican
hands untii completion of the Gadsden Purchase in
1854,

traverse the rugged terrain north of the Gila River. Many
immigrants 1o the California geldfields thus followed the
Gila Trail, which crossed the Colorade River where

Yuma now stands. By 1875 a number of homestsads:

had been established in both the Mohawk and Antelope
Valleys 1o thé east. Most of the early settlers were prob-

ably either miners or persons who worked at the river.

crossing. The Pony Express and Butterfield-Overland
Stage Line did much to encourage settlement, With the
extension of the Southern Pacific Railroad into the area
in 1877, the area was opened up for development.

The city of Yuma was surveyed by Charles D. Poston,
one of Arizona’s first legislators, in 1854. By 1880 the
population was 1,200, second only to Tucson in the
Arizona territory. When Arizona became a state in 1912,
Yuma had a population of 6,000. The survey area now
has a population of 43,000. Yuma has been experiencing
a rapid increase in population sincé 1960.

Farming is the leading economic enterprise in the
area, although government employment and winter visi-
tors contribute significantly to the economy.

History of irrigated farming

Early farmers in the survey area had to rely mainly on
the annual spring floods of the Colorade River to provide
moisture for crops. When the floods faited, the Indians
subsisted on wild plants such as mesquite, Indian tea,
and several varieties of cactus. Hernando de Alarcon
observed Indians carrying on a form of irrigated farming
at the confluence of the Gila and Colorado Rivers, a few

-1

In the early days it was impossible for wagon trains fo
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£C and Instantaneous Flow Data. Annual Average Values |

-Partially missing data

Lee's Ferry Below Parker Dam Above Imperial dam
9380000 9380000 0427520 9427520 9429490 9429490

Year {mmhos) (cfs) {mmhos}) {cfs) (mmhos) (cis)

1922 22481

1923 22428

1924 17166 |

1925 15625 ;

1926 19305

1927 22847

1928 21085

1929 26504

1930 18028 |

1931 8807

1932 21006

1933 13438

1934 6046 9,624

1935 13667 8,960 6,630

1936 16440 8,213 7,229

1937 16397 7,965 7,065

1938 21292 8,158 7,360
T 1939 12929 10,825 9,990

1940 9718 9,945 9,184

1941 22135 16,261 15,275
1942 1,635 23495 24,099 23,457
1943 1,148 15,765 16,119 14,750

1944 1,204 17,932 19,038 18,230

1945 1,175 16,255 17,103 14,500|

1946 12,087 15,053 14,040

1947 1,231 19,403 14,303 13,420

1948 1,176] 17,747 17,040 14,180

1949 1,180 20,173 17,604 16,940

1950 1,189 14,917 16,629 15,860

1951 1,195 13,676 11,702 30,750

1952 1,153 24,663 18,786 11,810

1953 1,270 12,058 17,352 10,840

1954 1,293 8,515 13,168 10,300

1955 1,346 9,623 ) 12,348 11,600

1956 1,161 11,027 9,520 8,710

1957 1,230 25,833 9,397 8,875
~ 1958 1,095 18,150/ 15,462 14,780

1959 1,211 9,752, 12,179 _ 11,390

1960 1,153 12,108 10,937 10,110
BET-"Y 1,258 10,104 10,015 9,016

1962 1,190 19,944 9,531 8,581

1963 1,302 1,911 10,198 | 9,102

1964 1,126] 4,488 9,348 ! 8,530

1965 789, 16,004 8,955 | 7,804

1966 801; 710,689 9,050 ! 7,880




.|EC and Instantaneous Flow Data. Annual Average Values |

Partially missing data

Lee's Ferry Below Parker Dam Above Imperial dam
9380000 9380000 8427520 9427520 | 9429490 9429490
Year {mmhos}) . (cfs) | (mmhos) {cfs) {mmhos) {cts)
1967 839 10,442 8,869 | 7.818
1968 972 12,127 8,884 7,981
1969 923 12,639 8,977 7,849
1970 950 11,242, 9,029- 7,938
1971 858 12,788 9,597 1,431; 8,071
1972 863, 12,873} 9,555 1,358, 8,155,
1973 889; 12,492 9,128 1,334 7,844
1974 865, 12,276 10,082 1,330" 8,713
1978 8§32 12,377 9,754 1,310, 8,329
© 1976 846! . 12,948 9,508 1,312 8,338
1977 891 10,157 9,292 | 1,310 7,978
1978 940, 12,440 9,299 1,322 7,870
1979 912 11,201 9,518 1,304, 8,092
1380 842 15,605 13,169 | 1,234 11,538
1981 843 10,840 12,057 1,205, 10,544
1982 913, 12,454 8,781 1,280, 7,504
1983 821 28,497 1,052 19,140 1,191! 17,359
1984 752 28,065 994 | 29,025 1,087, 27,403
1985 663 23,326 915 | 24,452 982, 22,542
1986 - 879 25,819 858 22,118 926, 20,321
1987 710 15,905 - 873 15,587 999; 14,315
1988 817 10,811 - 947 10,718 1,072 9,533
1989 757 11,074 899 | 9,697 1,140, 8,311
1990 861 10,914 949 9,661 1,168, - 8,287
1591 8921 11,581 1,004. 8,500 1,243 7,924
1992 921 11,025 1,043 8,290 1,223 - 7129
1993 897 11,391 990, 7,552 1,218 6,554
1994 797 -11,095, 1,099 9,557 1,218 8,169
- 1995 807 14,006 1,086, 12,162 1218 7.692
© 1996 732 15,235 1,047, 12,260, 1,270 8,354
1997 719 - 21,099 881 14,136 1,147 10,318
1998 675 18,071 18,133, 1,056, 12,930
1999 724 ' | 1,086,
Average 9583 15,264 982 12,512 1,209 141,223
Note: Data sources for the above data are from NCDC Earthinfo CD.
USGS Water Resource Data Books, USGS Data for Imperial Dam,
1942-1979 was not measured but calculated and published in the Water |
Resource Data book for the corresponding water year. This dala was faxed 1o
NRCE from the USGS office in Tuscon Az. From Chris Smith ph; 520-670-6671, fx: 520-670-5592
Received 3-14-00 I | .l
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" Executive Summary
Performance Parameter Estimates for the IID Study Area |

Consumptz’on

Iirigation Consumptlve Use Coefﬁcnent (ICUC) On average over the 1987-1996 period,
about 66% ofthe | 1mgat10r1 water entermg the IID study area: from the All American Canal at

the East Highline Canal was consumed within that area. This value is known (95%
confidence level) to within approximately + 2.8%: [63.2% < ICUC < 68.8%]. The
consumed portion decreased approximately one-half of one percent per year over the study
period, and this trend is statistically significant. Thus a smaller portion of the irrigation water
supply is consumed today than was a decade ago (approximately a 4% reduction in
consumed portion over the decade). Some of the reduction in ICUC was necessary to offset

increased salinity of Colorado River water occurring during the past decade.

Efficiency

District Irriga_tic;n Efficiency (IEpigx).  On aVeréigé, 'over‘tllle 1987-1996 period, the district
irrigation efficiency within IID averaged 71%, This value is known (95% confidence level)
to within approximately + 5.5%: [65.5% < IEpiyia < 76.5 %], Variations in district irrigation

efficiency over the study Pperiod are statistically insignificant.

District Distribution Efﬁciency’ (DEW On "average, over the 1987- 1996 period, the
district distribution effic1ency for HD averaged 92%. ThlS value is known (95%) confidence

level) to within apprommately +0 9% [91.1% < DEDismt < 92,9%]. This resulted from_ a

small decrease in distribution system losses combined with an increase in water delivered.

This reduction in pereentage of dlstrlbutlon system Iosses was statistically significant,

although the magmtude of the change is small.

‘Aggrepate Farm Lr'dgation Efficiency (IEg,m). On average, over the 1987-1996 period, the

aggregate farm irrigation efficiency within IID averaged 76%. This value is known (95%

page ES-1
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By
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-yersfl&e Qbunty, Callfornla, ocoupying one of

.

‘-"*%“g;-‘lpns of the valley have been in cultivation
Hgd ﬂti?{‘ ié.ta .géventies, the completion of ‘l:he'

“WEBTE | the'major port:.on of the 40, 000 acres be-
taebn” the Jdevee and the mesa is 1n cultivation.

Th}'at portlon of the valley lying between the
'ana. -the nver was desenhed in the report

Ailunal soils uncllfferentlated. ...Tkis area .

=, "the go0ils were motb mapped in detail because of
thelr inagcessibility.?

":_"' The esontrol of floods on the Colorado River,

threugh the comstruction of the Hoover Dam and

- the storing of floodwaters in Mead lake, has

1=, materially changed conditions. That portlon. of

- Palo Verds Valley beiween the levee and the
river ig no longer subject to overfiow,

© .Within the last few years, considerable por-
. tions of this area hawve been cleared of brush
and trees and put into cultivation. The irrigsa-
4+ion sygtem is being extended to cover these
lande as rapidly as they are being developed.
.Iaté in 1946 the University of (alifornia

was requested by the Palo Verde Irrigation Dis-
. triet to extend the detailed soil survey to
cover the lands between the levee end the river.

' Phxaiegre.gl_ay_ - of the Area

The area covered by this surwey lies in a
long narrow strip, from 1 %o 3 miles wide, be-
- tween the Palo Verde levee and the Colorade
River. I extends from the intake of the Palo
Terde Irrigation District's canal to the Impe-
‘rial County line, a distance of approximately
" 21'miles, The area lies only a few feet above
4he normal water surface in the river, aid bas
a slope from north to south approximating that

e yrajinage Engineer in the Experiment Station.
"t 23011 Teghnologist in the Experiment Station.
Kecher, A. B., and ¥. 0. Youngs. Soil Survey

,_' of Palo Verde .Are=z, Galifornia. U. S. Department
- of Agrlculture, Bur. Seils. 1922.

“$1o0d ‘plains of the Colorado River. Although

ig flooded with svery period of high water and -

(Betwem the Lewe and the ijer)
WAL'IERW WEIR? mzd R.EARL STORIE’l

- Ehervenberg Bridge (U, 9. Higlway

' have hecome the main chan:ael _

‘and. overflow ehanne,ls now f 1lled w;

(1]

of the river, which is *about l# f
As a .reésult of the construction of
diversion dams both above and belg
the river channel has not yet. beco
At the present time it tends fo d

_pos:Lt the eroded material belcwf th

out the aréa, For & time; these b

form a relatively smoot]i fle.i; fl’

Vegetation

Pridér to its recent de?elopmeqt :
covered with a dense growth of ‘dotittwoodd
low or mesquite thickets, with ah w;g&gr
vines and arrow weed, Thig heavy growbh gre:
retarded the movement of silit-laden
As a result, the soils are composed of
siratified sedlments the texture dspebdin
the velocity of the flood flow at the -par%
time of deposition.

DESCRIPTION OF THE sons -

this area are textural variations "of the
series. The coarse-to-medinm-textured types™o
Gils series are light brown to faintly plqkia
brown, and. the heavy-textured (fine-grai A
are chocolate brown. These soils sdre slightl;
carsoud throughout their proi‘lles and freqi
are highly stratified. There is no évidene
aging or dowmward migration of clay or lim
logs of boringe in this ares, found elsewher Ao
this report, show the stratifications which m g'}
occur. Soils of the Gila series are derlve& o
mixed rock alluvium brought into the aiea by th
(olorado River. Although there are some small. #resd
of elay, the medium-textured types piedoming
Table 1 gives the areas of each fype feun"
SUrvey. :
These soils are mellow, friable, anﬁ ea31 y
tilled, although the fine-grained types ‘He ool
stlcky when wet. They produce good to excélleny
erops of alfalfa, beels, carrois, e l1ons,
vegetables, Commercial fertlllzers are cbil
used for vegetables.
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